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SPECIFICATION

SUGAR CHAIN-CAPTURING SUBSTANCE AND USE THEREOF

TECHNICAL FIELD

[00017]

The present invention relates to a method for preparing a sample
using a prescribed sugar chain-capturing substance, and an
analytical sample obtained by the method. The present invention
relates to amethod for preparing a sugar chain-capturing substance,
a compound used for the method and a polymer obtained by
polymerizing the compound. Furthex, the present invention relates
to the use of the sugar chain-capturing substance, for axample,
a methed for eapplying the sugar-chain capturing substance, a sugar
chain microarray, the use of the sugar chain microarray, sugar

chain affinity beads and the use of the sugar chain affinity beads.

BACKGROUND ART

[0002]

A biclogical polymer refers to a general term of a sugar chain,
glycoprotein, glycopeptide, peptide, oligopeptide, protein,
nucleic acid, lipid or the like.

[0C03]

Furthermore, these biological polymers play an importance role
in bictechnology fields such as medical science, cell engineering,
organs and medical engineering and the 1ike. To clarify the contreol

mechanism of the bioclogical reaction using these substances is
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related to the development in the biotechnology fields.

[0004]

Of these biolegical polymers, a sugar chain is extremely rich
in ifs diversity, and is a substance participating in various
functions of an organism present in the nature. The sugar chain
is present as glycoconjugate bonded to protein, lipid or the like
in vivo in many cases, and 1s one of important components in vivo.
It has become clear that the sugar chain in vivo is deeply related
to information transfer between cells, regulation of functions or
interaction of protein, and the like.

[0005]

Incidentally, the term “sugar chain” refers to a generic term
of a chain of molecules coupled with monosaccharide such as glucose,
galactose, mannose, fucose, xylose, N-acetylglucosamine,
N-acetylgalactosamine, sialic acid or the like and a derivative
thereof by a glycesidic bond.

[0006]

Examples of the biological polymer having a sugar chain include
proteoglycan of a cell wall of a plant cell contributing to the
stability of cells, glycolipid affecting cell differentiation,
population growth, adhesion, migration or the like, glycoprotein
taking part in intercellular interaction or cellular recognition
and the like. A mechanism of the sugar chain contained in these
bioclogical polymers of controlling a high-precision biological
reaction while acting for, helping, amplifying, regulating or
hindering functions mutually with the biological polymer has been

gradually made clear. Furthermore, when the relationship between
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such a sugar chain and cell differentiation, population growth,
cell adhesion, immunity and a malignant change (cancer} in cells
becomes clear, a new development can be expected to be planned by
closely relating this sugar chain engineering to the medical
science, cell engineering or organs and medical engineering.

[0007]

In Patent Document 1, there have been described a substance
capable of specifically reacting with such a sugar chain and a
method of separating a sugar chain by using the substance as well.

Patent Document 1: International Publication Pamphlet No.

2004/058687

DISCLOSURE OF THE INVENTION

[0008]

By the way, in Patent Document 1, there has been described an
example using an acid treatment employing trifluorocacetic acid,
acidic resin or the like in order to release (excise) the sugar
chain captured by using a sugar chain-capturing substance from the
sugar chain-capturing substance. To expose the sugar chain under
such severe conditions may cause degeneration of the sugar chain
such as separation of a sialic acid residue having z property of
being bonded to a terminal end of the sugar chain that is taken
out from a biological sample and a property of being easily
separated under acidic conditions. So, it has been demanded that
excision of the sugar chain 1s carried out under much milder
conditions. Incidentally, the existence of the sialic acid to be

bonded to the sugar chain and the binding site are related to
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diseases in many cases so that it has been demanded that the sugar
chain is analyzed in the perfect state of the sialic acid. When
even a part of the sialic acid is separated at the pre-treatment
step before analysis, accurate information of the sugar chain
cannot be obtained.

[0009]

Then, the present invention is to provide a method for preparing
a sample which enables the separation and purification of the sugar
chain and/or the sugar derivative for an analytical sample from
a biological sample containing & sugar chain and/or a sugar
derivative by a simple operation, and an analytical sample obtained
by this method. Furthermore, the present inventicn is to provide
a method for preparing a sugar chain-capturing substance which is
used in the aforementioned method for preparing a sample, a monomer
which can be used for the preparation method, and a polymer obtained
by polymerizing this monomer. Further, the present invention is
to provide the use of the afcorementioned method for preparing a
sample.

[001Q]

The present invention provides:

(1) a methed for preparing a sample in which a substance A
containing a hydrazide group is ponded to a sugar chain and/or a
sugar derivative via hydrazone formation betwesen the hydrazide
group of the substance A and the reducing end of the sugar chain
and/or the sugar derivative;

{2) the method for preparing a sample as set forth in (1), in

which the substance A includes a moiety containing chromophore or
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iluorophore;

{3} the method for preparing a sample as set forth in (1}, in
which the substance A is a substance selected from the following
substances or a salt thereof,

(substance A} 5-bDimethylaminonaphthalene-1l-sulfonyl
hydrazine (Dansylhydrazine); 2-hydrazinopyridine;
9-fluorenylmethyl carbazate (Fmoc hydrazine): benzylhydrazine; 4,
4-difluoro-5,7~dimethyl—-4-bora-3a,da~diaza-s-indacene~3~-propio
noc acid, hydrazide;
2=-{6,8~difluorc=7~hydroxy-4-methylcoumarin}acetohydrazide;
T-diethylaminocoumarin-3-carboxylic acid, hydrazide (DCCH);
phenylhydrazine; 1-Naphthaleneacethydrazide; Z2-hydrazinobenzoic
acid; biotin hydrazide; and phenylacetic hydrazide;

(4) the method for preparing a sample as set forth in (1}, in
which the substance A contains a molety consisting of at least one
of an arginine residue, a tryptophan residue, a phenylalanine
residue, a tyrosine residue, a cysteine residue and a derivative
therecof;

(53) the method for preparing a sample as set forth in (4}, in
which the substance A is a compound having a structure of the
following formula (1),

[0011]

[Chemical Formula 1]

{Formula 1}



o 0 O
[l n H n H
R~-C—N H"?H—C*N“?H—C—NWNHQ
CH, ¢
1
Z CH,
HN ﬁH
!

(0012]

wherein, in the formula, R represents -CH; or -CDs;

{6) the method for preparing a sample as set forth in {1}, in
5 which the substance A has a structure of the following formula (2},

[0013]

[Chemical Formula 2]

{Formula 2)

R
\
NH

10 [0014]
wherein, in the formula, R represents any of H, ~COCH; or ~COCDs;
{7) the method for preparing a sample as set forth in (%), in
which the substance A is represented by the fcllewing formula (3},
[0015]
15 [Chemical Formula 3]

(Formula 3)
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{Carrier) — R — NHNH2

[COle]

wherein, in the formula, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0-, -8-, -NHE-, —-CO- or -CONH-;

{8} the method for preparing & sample as set forth in {7), in
which the structure

substance A has a crosslinked polymer

represented by the following formula (4},
[0017)
[Chemical Formula 4]

(Formula 4}

Rs Ry
\_ H \ H
C—C C—C
/ /
Ry Ro
\NH \c &
HQN/ Rg
. _1m _ Jdn

[(0018]

wheresin, in the formula, R; and R; represent & hydrocarbon chain
having 1 to 20 carbon atoms which may be interrupted with -0-, -8-,
-NH-, -CO- or -CONH~; R3;, Ry and Rs represent H, CH; or a hydrocarbon
chain having 2 to 5 carbon atoms; and m and n represent the number
of monomer units:

{9) the method for preparing a sample as set forth in (7}, in
which the structure

substance A has a crosslinked polymer
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represented by the following formula {5},
[0019]
[Chemical Formula 5]

(Formuia 5}

Ha \ Hs
e GG c—C —+—
o o
N 0
HaC HaC
CH CH
/ 2 J 2
Q C
/‘CHQ C=0
HaC, / Hy
2 C—CGC
HoC \
HN
£=0 L ] .
HaC
CHy
o=¢,
NH
HoN

(00201

wherein, in the formula, m and n represent the number of monomer
units;

(10) the method for preparing a sample as set forth in any

one of (7) to {9), in which the substance A is a polymer particle

having an average particle diameter of egual to or more than 0.1
and equal to or less than 500 um;

11) the method for preparing a sample as set forth in any one of

(7) to (1Q0), in which the substance A& is z polymer particle having
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a hydrazide group of a dry weight of not less than 100 nmol per
1 mg;

{12) the method for preparing a sample as set forth in any one
of (7) to (10), in which the substance A is a polymer particle having
a hydrazide group of a dry weight of not less than 0.5 pmol per
1 mg;

(13} the method for preparing a sample as set forth in any one
of (7) to (12), in which the substance A is stable at the pH of
3 to 8;

{14) the method for preparing a sample as set forth in any one
of (7) to (12), in which the substance B is stable under pressure
of at least not more than 1 MPa;

(15) the method for preparing a sample as set forth in (7}, in
which the carrier in the above formula (3) is a substance to be
directly bonded to a solid phase substrate or a surface of the solid
phase substirate;

{16) a method for preparing a sample which involves the sugar
chain capture step including binding a substance A to a sugar chain
and/or a sugar derivative according to the method for preparing
a sample as set forth in any one of (1) to {15}, and

the sugar chain release step including the action of a substance
B containing an amincoxy group or a hydrazide group on a complex
of the substance A and the sugar chain and/or the sugar derivative,
captured in the sugar chain capture step and binding the sugar chain
and/or the sugar derivative while cut off from the substance A to
the substance B in accordance with the hydrazone-oxime exchange

reaction or the hydrazone-hydrazone exchange reaction occurred



10

20

10

between the complex and the substance B;

(17} the method for preparing & sample as set forth in (16}, in
which the substance B includes a moiety containing chromophore or
fluorophore;

{18) the method for preparing a sample as set forth in (16), in
which the substance B is a substance selected from the group
consisting of the following substances containing a hydrazide

group or the following substances c¢ontalning an aminooxy group or

a salt,

{substances containing a hydrazide group)
5-Dimethylaminonaphthalene-l-sulfonyl hydrazine
(Dansylhydrazine}; 2~hydrazinopyridine; S-fluorenylmethyl
carbazate {Fmoc hydrazine) ; benzylhydrazine; 4,

4-difluoro~-5,7-dimethyl-4-bora-3a, 4a~diaza-s-indacene-3-propio
noc acid, hydrazide;
2-(6,8-difluoro-7-hydroxy~4d-methylcoumarin)acetohydrazide;
7~-diethylaminocoumarin-3-carboxylic acid, hydrazide (DCCH};
phenylhydrazine; 1-Naphthalsneacethydrazide; 2-hydrazinobenzoic
acid; and phenylacetic hydrazide; or

(substances containing an aminooxy group)
O-benzylhydroxylamine; O-phenylhydroxylamine;
0-{2,3,4,5, 6-pentaflucorobenzyl) hydroxylamine;
O-{4-nitrobenzyl}hydroxylamine; 2-aminooxrypyridine;
Z-aminooxymethylpyridine; 4-[(amincoxyacetyl)amino]lbenzoic acid
methyl ester; 4-[(amincoxyacetyl)amincibenzoic acid ethyl ester;
and 4-[ (aminocoxyacetyl)aminolbenzoic acid n-butyl ester;

(18} the method for preparing a sample as set forth in {16}, in
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which the substance B contains a meiety consisting of at least one
of an arginine residue, a tryptophan residue, a phenylalanine
residue, a tyrosine residue, a cysteine residue and a derivative
thereof;

(20) the method for preparing a sample as set forth in (16), in
which the substance B has a structure represented by the following
formula (7)),

(00211

fChemical Fermula 6]

{Formula 7)
@]
He 1 G H 9
Hﬂko—c-—C—NH—?H—C—N—?H—C—O—F
CHa CH2

1
~ CH,
HN NH

[0022]

wherein, in the structural formula, R represents -~CH; or -CDj;

{21) the method for preparing a sample as set forth in (16}, in
which the substance B is a sclid phase carrier:

(22) the method for preparing a sample as set forth in (21), in
which the substance B is a sclid phase carrier containing an
aminooxy group;

{23) the method for preparing a sample as set forth in (22), in
which the substance B is represented by the following formula (12),

[0023]

{Chemical Formula 7]

(Formula 12}
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(Carrier) — R —0ONH,

[0024]

wherein, in the formula, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0-, -5-, -NH-, -CO- or —-CONH-;
{24) the method for preparing a sample as set forth in (23}, in
which the substance B is a polymer particle having a structure
represented by the fellowing formula {8},
{0025]

[Chemical Formula B}

(Formula B8}

\ Hz L H

— Cc—C C—C
/ /
R, R

[0026]

wherein, in the formula, R; and R; represent a hydrocarpon chain
having 1 to 20 carbon atoms which may be interrupted with -0-, -5-,
~NH-, =CQO- or —-COMH-; R3, Ry and Rs represent H, CH; or a hydrocarbon
chain having 2 to 5 carbon atoms; and m and n represent the number
of menomer units;

{25) the method for preparing a sample as set forth in {23}, in

which the substance B is a polymer particle having a2 structure
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represented by the following formula (9),
(0027]
[Chemical Formula 9]

{(Formula 9)

HaG HsC
\ H, \ Hy
c—C c—C ——
Q:< O:<
N o
HyC, HyC,
CH, CH,
C{ C{
CH,- C=0
Hzcb / Hy
/ C C
HaC, \
CHaz CHs
HN
,C:O S —
HzC, n
O
HoN
o T m

[0028]

wherein, in the formula, m and n represent the number of monomer
units;

(26) the method for preparing a sample as set forth in (21), in
which the solid phase carrier is a substance to be directly bonded
to a so0lid phase substrate or a surface of the solid phase
substrate;

(27) the method for preparing a sample as set forth in any one

of (18) to (25), in which the hydrazone-oxime exchange reaction
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or the hydrazone-hydrazone exchange reaction is carried out at
least one or more times after the completion of the sugar chain
release step;

(28) a method for preparing a sample in which a hydrazone bond
is dissociated and a sugar chain and/or a sugar derivative is
released by treating a substance A having a structure represented

by the following formula (3}, ({4)

or (5) under acidic conditions
to which the sugar chain and/or the sugar derivative is bonded,
[0029]
[Chemical Formula 10}

(Formula 3)

{Carrier) w3 — NHNE—!2

{0030]

wherein, in the formula, the carrier represents a polymer

matrix; and R represents a hydrocarbon chain having 1 to 20 carbon

atoms which may be interrupted with -0-, -5-, -NH-, -CO- or -CONH-,

[0031]
(Chemical Formula 11)

(Formula 4)

Rs R
Ha
C—C

R R

\VH \b C
/

/

HzN RS




[0032]

wherein, in the formula, R; and R, represent a hydrocarben chain
having 1 to 20 carbon atoms which may be interrupted with -0~, ~5§-,
-NH-, -CO- or ~CONH-; R;, R; and Rs represent H, CH3 oxr a hydrocarbon

8 chain having 2 to 5 carbon atoms; and m and n represent the number

of monomer units,

[0033]

{Chemical Formula 12]

{Formula 5)

HiC HsC
\ H \_ H
——C—C c—C —+—
WA
NH Jo
HaC HoC
CHo CH,
/ i
Q‘ (%
!CHZ C=0
o [
/ C C
HQC\ \
CHa CHa
HN
Jcmo S J—
HaC, n
/CHQ
0=C
NH
HoN
10 m
[0034]

wherein, in the formula, m and n represent the number of monomer
units;

{29) the method for preparing a sample as set forth in (28), in
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5

ie

which the treatment under acidic conditions is carried out using
a trifluorcacetic acid solution of 0.0 to 10 volume pesrcentage;

(30) the method for preparing a sample as set forth in (29), in
which the treatment under acidic conditions is carried out using
a trifluorocacetic acid sclution of 0.01 to 1 volume percentage at
25 to 80 degree centigrade for 5 to 60 minutes:;

(31) an analytical sample prepared by the method for preparing
a sample as set forth in any one of (1) to (30);

(32) a method for preparing a substance A represented by the
following formula (3), in which a polymer particle containing
carboxylic acid ester is obtained by polymerizing a raw material
containing a carboxylic acid ester monomer having a polymerizable
group in the presence of a crosslinking agent, and then the polymer
particle containing carboxylic acid ester is treated with a
hydrazine solution of a concentration cf not less than 10 volume
percentage,

[0035]

[Chemical Formula 13]

{Formula 3)

{Carrier) —R—NHNH 5

{0036}

wherein, in the formula, the carrier représents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0-, -5-, ~NH=-, ~CO~ or ~CONH-;

{33} the method for preparing a substance A as set forth in (32),

in which the carboxylic acid sster monomer is carboxylic acid
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methyl ester;

{34) a monomer having a structure represented by the following
formula (10},

[0037]

[Chemical Formula 14]

(Formula 10}

R, O

R7 So

[6038]

wherein, in the formula, R; represents a hydrocarbon chain
having 1 to 20 carbon atoms which may be interrupted with ~0-, -5-,
~NH=-, -CO- or —-CONH-; and R; represents H, CH; or a hydrocarbon chain
having 2 to 5 carbon atonms:;

(35) a polymer obtained by polymerizing the monomer as set forth
in (34);

{36) a monomer having a structure represented by the following
formula (11),

[0039]

[Chemical Formulz 15]

(Formula 11)

H
A\H/N\/\\O/’\\/O\/\HJ\/W/O\

o @]

{0040]



{37) a polymer obtained by polymerizing the monomer as set forth

in (36€);
{38) a monomer having a structure represented by the following
formula (13},
5 [0041]
[Chemical Formula 16]
(Formula 13}
F22 H
N

A

(0042]

10 wherein, in the formula, R; represents H, CH3 or a hydrocarbon
chain having 2 to 5 carbon atoms; Rs represents a hydrocarbon chain
having 1 to 20 carbon atoms which may be interrupted with -0-, -S-,
=NH-, -CO- or -CONH-; and [P] represents a protective group:

(39) a polymer obtained by polymerizing the monomer as set forth

15 in (38);

(40) the pelymer as set forth in (39), obtained by subjecting
the protective group [P] of the formula (13) to deprotection by
the acid treatment;

(41) a monomer having a structure represented by the following

20 formula (14),

[0G43]

{Chemical Formula 17]

{(Formula 14}
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H 7 H 0

N\/\O/-\/O\//\NJWN\N/”\O)(

I H H

O O

[0044]
(42) a pelymer obtained by polymerizing the monomer as set forth
in (41);

5 {43) a polymer obtained by subjecting a t-butoxycarbonyl group
of the polymer as set forth in (42) to deprotection by the acid
treatment;

{44} a method for preparing a substance A represenited by the
following formula (4), in which a polymer particle containing

10 carboxylic acid ester is cobtained by polymerizing a monomer having
a structure of the following formula (10) in the presence of a
crossliinking agent, and then the polymer particle containing
carboxylic acid ester is treated with a hydrazine soluticn of a
concentration of not less than 10 volume percentage,

15 (0045]

[Chemical Formula 18]

(Formula 4)

Rs R4
I N N2
/ /
\NH \c &
HoM R{
» Im L n

[004¢]

20 wherein, in the formula, R; and R; represent a hydrocarbon chain
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having 1 to 20 carben atoms which may be interrupted with -0-, -S-,
-NH~, —-CO- or -CONH-; Rz, Rq and Rs represent H, CH; or a hydrocarbon
chain having 2 to 5 carbon atoms; and m and n represent the number
of monomer units,

[0047]

[Chemical Formula 197

{(Formula 10)

R, O

R’ o

[0048]

wherein, in the formuia, R, represents a hydrocarbon chain
having 1 to 20 carbon atoms which may be interrupted with -0-, -5-,
—-NH-, -CO~ oxr -CONH-; and R; represents H, CH; or a hydrocarbon chain
having 2 to 5 carbon atoms;

{45) a method for preparing a substance A represented by the
following formula (5), in which a polymer particle containing
carboxylic acid ester is obtained by pelymerizing a monomer having
a structure of the following formula (1ll) in the presence of a
crosslinking agent, and then the polymer particle containing
carboxylic acid ester is treated with a hydrazine soluticn of a
concentration of not less than 10 volume percentage,

[0049]

[Chemical Formula 20)

(Formula 5}
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[0050]
wherein, in the formula, m and n represent the number of monomer
units,
5 [0051]
[(Chemical Formula 21]

(Formula 11)

O
¥ lJ
= N\\/\O/\\«/o\\//\[\i/ WO\
H
O O

[0052]
10 {46) amethod of applyving a solid phase carrier onto which a sugar

chain and/or a sugar derivative obtained by subijecting a mixture
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or a specific fraction from the mixture to the isolation and
purification is immobilized as a carrier for collecting a substancs
having a bonding property or affinity to the sugar chain and/or
the sugar derivative;

(47) a method for preparing a sugar chain microarray, in which
a sugar chain and/or a sugar derivative is immobilized onto a
surface of a solid phase substrate composed of a solid phase carrier
including a substance B having a structure represented by the
following formula (3} or (12) according to the following steps (1)
to {(4),

{step 1) a step of purifying and/or isolating the sugar chain
and/or the sugar derivative by a specific separation means by
binding the sugar chain and/cr the sugar derivative to a compound
containing a scluble hydrazide group,

{step 2) a step of dispensing drops of a sclution of the compound
obtained in the step (1) in & row onto the solid phase substrate,

(step 3) a step of proceeding a reaction of exchanging a sugar
chain~substance A bond with a s¢lid phase substrate-sugar chain
bond by incubating the solid phase substrate after the completion
of dispensing drops under prescribed conditions, and immobilizing
the sugar chain and/or the sugar derivative onto the solid phase
substrate, and

{step 4) a step of washing and removing the unreacted substance
on the solid phase substrate,

[0053]

[Chemical Formula 22]

{Formula 3)
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{Carrier) — R — NHNH2

{0054]
wherein, in the formulz, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
5 atoms which may be interrupted with -0-, -S-, -NH-, -C0O- or -CONH-,
f0055]
[Chemical Formula 23]

{Formula 12)
(Carrier}) —R — ON H,)

10 [0056]

wherein, in the formula, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0-, -5-, ~NH~, -CO~ or —CONH~;

{48) a sugar chain micreoarray produced by the method as set forth

15 in (47);

{(49) a system for searching a sugar-binding substance for
specifically binding to or adsorbing the immobilized sugar chain
and/or the immobilized sugar derivative by bringing a solution
containing a specimen into contact with a surface of the sugar chain

20 mircoarray as set forth in {48), incubating and washing under
prescribed conditions, and then detecting the sugar-binding
substance collacted at the sugar chain and/or the sugar derivative
of a drop-dispensed portion on the solid phase substrate;

(50) a system for evaluating the recognition specificity of a

25 binding protein by bringing a sclution containing a specimen into
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contact with a surface of the sugar chain mircoarray as set forth
in {48), collecting a sugar binding protein in the specimen at the
sugar chain and/or the sugar derivative of a drop-dispersed region
on the solid phase substrate, and quantitatively analyzing the
5 collected amount by a prescribed quantifyving means;
{51) a method for preparing sugar chain affinity beads, in which
& sugar chain and/or a sugar derivative i1s immobilized onto a
surface of the polymer composed of a solid phase carrier including
a substance B having a structure represented by the following
10 formula (3) or (12),
[0057]
[Chemical Formula 24]

(Formula 3)

{Carrier) —-—-R—-—N}-H\H—{2

15 {0058]
wherein, in the formula, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0-, -S-, -NH-, -CO- or —-CONH-,
[0059]
20 [Chemical Formula 25]

{Formula 12)
(Carrier) — R —ONH,

[0060]
wherein, in the formula, the carrier represents a polymer

25 matrix; and R represents a hydrocarbon chain having 1 te 20 carbon
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atoms which may be interrupted with -Q=, =8§~, -NH-, -CO- or ~CONH-;

{52) the method for preparing sugar chain affinity beads as set
forth in (51}, in which the sugar chain and/or the sugar derivative
is immobilized onto a surface of the polymer particle according
to the following steps (1} to (3),

{step 1) a step of purifying and/or isolating the sugar chain
and/or the sugar derivative by a specific separation means by
binding the sugar chain and/or the sugar derivative to a compound
containing a soluble hydrazide group,

{step 2) a step of immobilizing the sugar chain and/or the sugar
derivative onto the polymer particle by bringing the compound
obtained in the step (1) into contact with the polymer particle
and incubating under prescribed conditions for exchanging a sugar
chain-hydrazide group-containing compound bond with a sugar
chain-polymer particle bond, and

{step 3} a step of washing and removing the unreacted substance
on the polymer particle;

(53) sugar chain affinity beads prepared by the method as set
forth in (51) or (52):; and

(54) a system for bringing a solution containing a specimen into
contact with the sugar chain affinity beads as set forth in {(53),
incubating under prescribed conditions and washing, and then
isolating the captured sugar-binding substance.

[0061]

According to the present invention, a sugar chain and/or a sugar
derivative for an analytical sample is enabled to be separated and

purified from a biological sample containing the sugar chain and/ox
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the sugar derivative by a simple operation.

BRIEY DESCRIPTION OF THE DRAWINGS

[0062]

The above and other objects, features and advantages will be
apparent from the following detailed description of the preferred
embodiments in conjunction with the accompanying drawings.

(0063]

Fig. 1 illustrates a MALDI-TOF-MS chart of the reactant of a
sugar <chain and 2-hydrazinopyridine. The horizontal axis
represents the molecular weight {(m/z), while the wvertical axis
represents the intensity. Furthermore, structures of the sugar
chain expected at a peak (a) in 2668.421 (=m/z), a peak (b) in
2978.005 {(=m/z) and a peak (¢) 1in 3263.785 are schematically
represented by e: galactose, B: N-acetylglucosamine, ©: mannose
and ¢: sialic acid.

Fig. 2 illustrates a MARLDI-TOF-MS chart of the reactant of a
sugar chain and a substance A of the Example. The horizontal axis
represents the molecular weight (m/z}, while the vertical axis
represents the intensity. Structures of the sugar chain expected
at sach main peak are schematically represented by e: galactose,
B: N-acetylglucosamine, ©o: mannose, 4: sialic acid and triangle
figure: fucose.

Fig. 3 is a graph illustrating a relationship between the pH and
the exchange efficiency of the exchange reaction in the sugar chain
release step of the Example. The horizontal axis represents the

pH, while the vertical axis represents the exchange efficiency.
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The exchange from oxime to oxime is indicated as 0, the exchange
from oxime to hydrazone is indicated as e, the exchange from
hydrazone to oxime is indicated zs O, and the exchange from
hydrazone to hydrazone is indicated as H.

Fig. 4 illustrates a MALDI-TOF-MS chart of the reactant obtained
in the exchange reaction of Fig. 3. The horizontal axis represents
the molecular weight (m/z}, while the vertical axis represents the
intensity. From the top of the chart, a functional group of the
beads is hydrazide when a releasing reagent is an aminooxy compound
{aoWR), a ZIunctional group of the beads 1s hydrazide when a
releasing reagent is a hydrazide compound {AcWRh), a functional
group of the beads is aminooxy when a releasing reagent 1s an
aminooxy compound (acWR), and a functional group of the beads is
aminoory, when a releasing reagent is a hydrazide compound (AcWRh)
respectively.

Fig. 5 illustrates a MALDI-TOF-MS chart of the sugar chain
recovered in the method of (1} of Experimental Example 7(B). The
horizontal axis represents the molecular weight (m/z), while the
vertical axis represents the intensity. The top of the chart
indicates contrel (serum sugar chain + 400 uM of internal standard),
the middle indicates a flow through sample {(beads and unresacted
sugar chain) + 400 pM of internal standard), and the bottom
indicates a sample (serum sugar chain captured by using beads
containing a hydrazide group and then recovered by oxime exchange
+ 400 uM of internal standard). When the intensity of the sugar
chain subjected to quantitative analysis of control was taken as

100%, the flow through sample was 12% (88% bonded to beads), while
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the sample was 56%.

Fig. 6 illustrates a MALDI-TOF-MS chart of the sugar chain
recovered in the method of (2) of Experimental Example 7(B). The
horizontal axis represents the molecular weight (m/z), while the
vertical axis represents the intensity. The chart indicates the
results when, from the top of the chart, 50 p} (dry weight 16.5
mg;) of Affi-Gel Hz, 100 pl (dry weight 33 mg) thereof, 150 ul (dry
weight 49.5 mg) thereof, and 2.5 mg of beads containing & hydrazide
group were used.

Fig. 7 illustrates a MALDI-TOF-MS chart of the sugar chain
recovered in the method of Experimental Example 8{1l). The
horizontal axis represents the molecular weight {(m/z), while the
vertical axis represents the intensity. The chart indicates the
results in cases of, from the top of the chart, before reaction,
arter reaction with beads and without using beads (negative
control}.

Fig. 8 is a graph illustrating the verification results of a
lectin capturing ability of Experimental Example 9(2). The
vertical axis indicates the absorbance at 450 nm. The lectin
concentration is 1 ug/ml, and the mole number of lectin immcbilized
onto monosaccharide is 2.5 umol/g (saturated amount).

Fig. 9 is a graph illustrating the wverification resuits of a
lectin capturing ability of Experimental Example 10(2). The
horizontal axis represents the molecular weight (m/z}, while the

vertical axis represents the intensity.

BEST MODE FOR CARRYING OUT THE INVENTION
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[C064]

Embodiments of the present invention will be described below.

From one of viewpoints, the present invention provides a method
for preparing a sample characterized by binding a substance A
containing a hydrazide group to a sugar chain and/or a sugar
derivative via hydrazone formation between the hydrazide group of
the substance A and the reducing end of the sugar chain and/or the
sugar derivative.

[0065]

The substance A containing a hydrazide group used in the method
for preparing a sample is not particularly limited as long as it
containg a hydrazide group (~-NBNH-) at the end part. This hydrazide
group is reacted with an aldehyde group for forming a specific and
stable bonding in an equilibrium between the cyclic hemiacetal type
and the non-cyclic aldehyde itype formed by the sugar chain in a
solution such as an aqueous solution or the like, thereby enabling
to capture the sugar chain. Herein, the sugar chain capture
reaction refers to a reaction as illustrated below,

[0066]

[Chemical Formula 26]

N /7
p — N )
Oreer O = OO

Sugar substance B sugax Substance A
chain chain
10067]

Herein, the substance A may be in the form of either a
low-molecular compound ¢r a solid phase carrier.

When a low-molecular compound is used, it is preferable that the
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substance A contains a moiety consisting of at least one of an
arginine residue, a tryptophan residue, a phenylalanine residue,
a tyrosine residue, a cysteine residue and a derivative thereof
from the following viewpoints.

[0068]

That is, when the substance A contains an arginine (R) residue,
there have been known that the ionization is accelerated at the
time of measurement of MALDI-TOF-MS, and the detection sensitivity
is improved. Furthermore, from the fact that tryptophan (W) is
a fluorescent amino acid and is hydrophobic, improvement in the
isolation by the reverse phase HPLC and improvement 3in the
fluorescence detection sensitivity can be attempted. Incidentally,
when phenylalanine (F} and tyrosine (Y) are used, such a sample
is suitable for detection by UV absorption.

[00689]

Further, when cysteine is used, the substance A containing
cysteine can be bonded to other substance containing a -SH ¢group
by an $-5 bond using a thiol group in a side chain. For example,
such a substance A can be immobilized onto the solid phase carrier
containing a —-SH group. Further, as other example, such a substance
2 can be used for the ICAT method {(Isctope-Coded Affinity Tags).

[0070]

As an example of such a substance A, a2 compound having a structure
of the following formula (1) can be cited,

F0071]

[Chemical Formula 27}

(Formula 1)
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Z CH,
HN NH

[0072]

wherein, in the formula, R represents -CHs; or -CDs.

[0073]

The compound of the formula (1} can be produced in accordance
with the following Scheme 1,

fO074]

{Chemical Formula 28]

(Scheme 1)
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[0075]

In Scheme 1, the compound (b) can be obtained by subjecting the
compound (a} in which the amino group of a tryptophan meiety is
protected with the phenyl group or the like to deprotection by
hydrogenation in the presence of Pd/C. Herein, the tryptophan
moiety can alsc be substituted by phenylalanine, tyrosine,
cysteine or the like.

[0076]

Subsequently, the amino group in a tryptophan side of the
compound (b) is acted on acetic acid (AcCH) in the presence of
water-soluble carbodiimide (WSC} and dimethylaminopyridine (DMAP),
in a sclvent of dimethylformamide {DMF) for acetylation, whereby

the compound (c) is obtained.
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[0077]

Furthermore, hydrazine is acted on the compound (¢) in a solvent
of methanol (MeOH) and a methoxy group of the C terminal end in
an arginine side is substituted with a hydrazide group, whereby
the compound (d) is obtained as a desired compound of the formula
{1y.

[0078]

When a deuterium (D) is intrcduced into the compound (d}, in
Scheme 1, the compound (b} 1s acetylated in the pressnce of
water-soluble carbodiimide (WSC) and dimethylaminopyridine (DMAP),
in a seclvent of dimethylformamide (DMF) using deuterated acetic
acid (CD3COQOH) to obtain a compound in which the amino group in
a tryptophan side is acetylated using a deuterated acetyl group.
Furthermore, hydrazine is acted on the compound in a solvent of
methanol {MeOH) and a methoxy group of the C terminal end in an
arginine side is substituted with a hydrazide group, whereby the
compound (e) is obtained as a desired compound of the formula (1).

[0079]

Meanwhile, as other example of the substance A, a compound having
a structure of the following formula (2) can be cited,

[0080]

{Chemical Formula 29]

(Formula 2)



[0081]

34

wherein, in the formula, R represents any of H, -CQCH; or -COCD;.

foogz]

5 The compound of the formula (2

with the following Scheme 2,

(0083}

[Chemical Fermula 30]

(Scheme 2)
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In Scheme 2, firstly, Z2Z2-aminobenzeic acid (compound {u)} is
acted on a cysteine dimer {compound (t)), whereby the compound (v)
is obtained.

[0085]

Acetic anhydride is acted on this compcund (v) for acetylating
the amino group of the 2-aminobenzoyl group, whereby the compound
{q) is obtained. At this time, a protinated compound ({g-1l) is
obtained by using the compound {¢) that is acetic anhydride. On
the other hand, a deuterated ccmpound (g-2) i1s obtained by using
the compound (p) that is deuterated acetic anhydride.

fooge]

Subsaquently, the compound ({(g~1) or (g-2) is reacted with
hydrazine, whereby the compound (r) is obtaired. Incidentally,
when R in the compound {r) is an acetyl group {-COCH3), a hydride
(r-1) is obtained. When R is a deuterated acetyl group (-CCCD3},
a deuteride (r-2) is cbtained.

{00871

Furthermore, there is obtained a compound containing a hydrazide
group of the formula (2Z) having a 2-aminobenzoyl group in which
the amino grcoup is acetylated and cysteine by reducing the compound
(r) by use of a reducing agent such as DTT oxr the like for cutting
off the disulfide bond. Incidentally, when R in the compound (r)
is an acetyl group (-COCH3), a hydride {s-1} is obtained. When
R 1s a deuterated acetyl group (~COCD3), a deuteride {s-2) is
obtained.

(0088}

As described above, by introducing an arginine residue, a
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tryptophan residue, a phenylalanine residue, a tyrosine residue,
a cysteine residue and a derivative thereof into the substance A,
functions such as high sensitivity of mass spectrometry,
fluorescence-UV labeling or the like can be provided to the
captured sugar chain.

f0089]

Further, as illustrated in the formula (2), chromophore or
fluorophore of the 2-aminobenzoyl group or the like may be
contained in a moclecule. Examples of such a group include aromatic
residues having typical examples of a benzyl group, a naphthyl
group, an anthracenyl group, & pyridyl group and the like in
addition to the 2-aminobenzoyl group; and substituents containing
a Dansyl group or a Fmoc group. Such a substituent is a labeled
compound for providing fluorescence, and generally used for HPLC
analysis of the sugar chain. Accordingly, the sugar chain and/or
the sugar derivative captured by using a substance A inte which
this substituent is introduced can be a labeled sample. By using
this labeled sample, the sugar chain and/or the sugar derivative
captured by using the substance A is enabled to be analyzed with
high resolution and high sensitivity by HPLC employing a reverse
phase column.

[0020]

Furthermore, as explained in the formulae (1) and (2], a
deuterated substituent, for example, a deuterated acetyl group or
the like meay be contained. A sample ccontaining such a deuterated
functional group is enabled to perform gualitative and

quantitative analysis by enhancing the detection sensitivity by
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mass spectrometry.

[0081]

For example, a deuterated sample by using the substance A of the
formula {1) or (2) and a protinated sample are used in combination,
whereby qualitative and guantitative analysis of the sugar chain
contained, for example, in a sample containing an unknown sugar
chain (for example, those obtained by treating serum) can be
performed by mass spectrometry.

[G092]

Accordingly, for example, when a sample with the composition and
the concentration already known from the past is deuterium-labeled,
an unknown sample is protium-labesled, and both samples are mixed
for carrying out mass spectrometry, it is observed that each peak
of the deuterated sample is shifted towards the high molecular
welght as much as the number of introduced deuteriums rather than
each peak corresponding to the protinated sample. Then, the
position {(m/z value} and intensity of each peak are analyzed so
that the kind of the sugar chain illustrated by =ach peak of the
unknown sample and the concentration in the sample are found. Such
analysis can also be performed by making a known sample to a protium
and an unknown sample to a deuterium.

[0093]

Furthermore, in this analysis, a sample extracted from a healthy
human 1s made to a deuterium, and a sample extracted from g disease
patient is made to a protium, or a sample of a healthy human is
made to a protium and a sample of a disease patient is made to a

deuterium, whereby the difference in the kind and amount cf the
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sugar chain contained in both samples can be analyzed. Accordingly,
such an analytical sample can be suitably used for purposes of the
pathological diagnosis on the basis of a biological reaction
participating in the sugar metabolism, medicail treatment hy
regulating such a biological reaction, and the like.

[0094]

Regarding the substance A, the compound having a structure of
the formulae (1) and (2) will be described below, but the substance

A may be a substance selected from the following or a salt thereof,

[0085]
{substance A): 5-Dimethylaminonaphthalene-l-sulfonyl
hydrazine {Dansylhydrazine}; 2-hydrazinopyridine;

9-fluorenylmethyl carbazate (Fmoc hydrazine}; benzylhydrazine;
4,4-difluoro-5, 7-dimethyl-4-bora—-3a, da-diaza-s-indacene~3-prop
ilcnoc acid, hydrazide;
2-{6,8-difluvoro-7~hydroxy-d-methylcoumarin) acetohydrazide;
7-diethylaminocoumarin-3-carbeoxylic acid, hydrazide (DCCH) ;
phenylhydrazine; l-Naphthaleneacethydrazide; 2-hydrazinobenzoic
acid; biotin hydrazide; and phenylacetic hydrazide.

[0096]

Further, from the viewpoint that the captured sugar chzin is
detected with high accuracy and high sensitivity, a moiety
containing chromophore or fluorophore may be introduced or a
deuterium may be introduced inteo these compounds.

[0097]

Herein, the sugar chain capture reaction, that is, a reaction

of the substance A with the sugar chain and/or the sugar derivative,
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is carried out by introducing the substance A into a sample
containing the sugar chain and/or the sugar derivative. The
reaction is carried out in the reaction system under conditions
of pH of from 4 to 8, and the reaction temperature of from 4 to
90 degree centigrade, preferably from 25 to 90 degree centigrade
and more preferably from 40 to 90 degree centigrade for 10 minutes
to 24 hours, preferably 10 minutes to 8 hours and more preferably
10 minutes to 2 hours.

[(0098]

Furthermore, when a solid phase carrier is used, the substance
A 1is represented by the following formula (3),

[0098]

[Chemical Formula 31]

(Formula 3)

{Carrier) —R—NHNH,

[0100]

wherein, in the formula, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 te 20 carbon
atoms which may be interrupted with ~-Q-, -3-, -NH-, ~CO- or —CONH-.

[0101]

In the formula (3), the carrier is a polymer matrix composed of
an inorganic substance or an organic polymer substance, and is used
in the form of a particle, or & solid phase substrate, or a substance
directly bonded to a surface of the solid phase substrate.

[0102]

Herein, as the incrganic substance which can be used as a carrier,
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a substance in the form of a particle can be used, and examples
thereof include silica particles, alumina particles, glass
particles, metal particles and the like.

{0103]

Furthermore, examples of the organic polymer substance include
polysaccharide gels having typical examples of agarose and
sepharose, polymers of a vinyl compound in the form of a particle,
and substances immobilized onto a surface of the scolid phase
substrate. Further, the surface of the solid phase substrate may
be formed by using these substances.

[0104]

Meanwhile, the polymer particle is preferably in the shape of
a sphere, and is a polymer particle having its average particile
diameter of equal to or more than 0.1 and egqual to or less than
500 um. The particlile of the carrier having a particle diameter
in such a range is easily subjected to recovery by centrifugation,
filter or the like, and the reaction efficiency with the sugar chain
is also considered to be high because the particle has a sufficient
surface area. When the particle diameter is vastly gresater than
the above range, the reaction efficiency with the sugar chain is
lowered in some cases since the surface area becomes small.
Furthermore, when the particle diameter is vastly smaller than the
above range, it is particularly difficult to recover the particle
by the filter in some cases. Further, when the particle is filled
in a column and the particle diameter is too small, the pressure
loss at the time of passing the fluid is high in some cases.

10105}
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Furthermore, examples of the solid phase substrate include a
microplate and a flat substrate. In this way, an analytical sample
can be prepared by applying the substance A to a substrate for a
sugar chain micrearray.

[0106]

R represents a hydrocarbon chain having 1 to 20 carbon atoms
which may be interrupted with -0-, -8-, -NH-, -CO- or -CONH-. For
example, the fcllowing can be cited. In the following formula,
a, b and d represent an integer of 1 to 5, while ¢ represents an
integer of 1 to 10,

{0107]

[Chemical Formula 32]

o
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[0108]

Herein, the sugar chain capture reaction may be carried out by
filling the aforementioned substance A in the form of a particle
in a column or the like and passing through the sample containing
the sugar chain and/or the sugar derivative {continuous), or may

be carried out by putting this particle into the sample and stirring
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(batchy. Furthermore, the reaction may be carried out by
continuously putting the sample into a reaction vessel filled with
particles in adwvance and stirring (semi-batch).

[0109]

Furthermore, the substance A represented by the above formula
{3) can be obtained by polymerizing a2 raw material containing a
carpboxylic acid ester monomer having a polymerizable group in the
presence of a crosslinking agent for obtaining a polymer particle
containing carboxylic acid ester, and then treating the polymer
particle containing carboxylic acid ester with a hydrazine
solution of a concentration of not less than 10 volume percentage.
Accordingly, from another viewpoint, the present invention
provides a method for preparing such a substance A represented by
the formula (3).

[0110]

Herein, examples of the carboxylic acid ester monomer include
N-hydroxysuccinimide esters of carboxylic acids and carboxylic
acid methyl esters.

[0111]

Meanwhile, as the crosslinking agent, a pelyfunctional compound,
a compound subjected to copolymerization with a carboxylic acid
ester monomer, can be suitably used. Examples thereof include (1)
di or tri(meth)acrylic esters of polyols, for example, those ones
in which the polyol is ethylene glycol, preopylene glycol,
trimethylol propane, glycerin, polyoxyethylene glycol,
polyoxypropylene glycol, polyglycerin or the like, (2) in the above

(1), unsaturated acid esters of polycls in which the unsaturated
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acid is other than {(meth)acrylic acid, for example, maleic acid,
fumaric acid or the 1like, (3) bisacrylamides, for example,
N,N'-methylene bisacrylamide or the like, (43 di- or
tri (meth)acrylic esters obtainable by reacting polyepoxides with
(meth)acrylic acid, {5} di(methlacrylic carbamyl esters
obtainable by reacting polyisocyanates with (meth}acrylic
hydroxyesters, for example, those ones in which the polyisocyanate
is tolylene diisocyanate, hexamethylene diisocyanate or the like,
and (6) polyvalent allyl compounds, for example, allylated starch,
allylated cellulose, diallyl phthalate, tetraallyloxyethane,
pentaerythritol triallyl ether, trimethylcl propane triallyl
ether, diethylene glycol diallyl ether, triallyl trimellitate or
the like. Of these, ethylene glycol di(meth)acrylate, propylzne
glycol di(meth)acrylate, N,N'-methylene bisi{meth)acrylamide and
the like are preferable for use in the present invention.

[0112]

Namely, the substance A represented by the formula (3) having
the following structure can be used.

~ (hydrazide group-containing compound
component)m- (crosslinking agent component)n-

As the substance A having such a structure, those having a
crosslinked polymer structure represented by the following formula
(4) can be cited,

[0113]

[Chemical Formula 33]

(Formulia £)
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[0114]

wherein, in the formula, R; and R:; represent a hydrocarbon chain
having 1 £o 20 carben ztoms which may be interrupted with -0-, -5-,
~NH-, -CO- or —-CONH-; R3, Ry and Rs represent H, CH; ¢or a hydrocarbon
chain having 2 to 5 carbon atoms; and m and n represent the number
of monomer units.

[0115]

Ry represents a hydrocarbon chain having 1 to 20 carbon atoms
which may be interrupted with -0-, -5-, ~NH~, -CO- or -CONH~, and
examples thereof include the same as those cited in the
aforementioned R.

[0116]

Rs represents a hydrccarbon chain having 1 to 20 carbon atoms
which may be interrupted with -0-, -8-, -NH-, -CO~ or -CONH-, and
examples thereof include the following. In the folleowing formula,
e and f represent an integer of 1 to 5, while g represents an integer
of 1 to 140,

[0117}

{Chemical Formula 34}
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[0118]

R3, Ry and Rs may each be the same or different, and represent

H, CH3 or a hydrocarbon chain having 2 to 5 carbon atoms. Examples

thereof include the following. In the folliowing formula, h

represents an integer of 1 to 4

- =

[C119]

[Chemical Formula 35]

H
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[0120]
Herein, as the carbexyilic acid ester monomer that is a precursor
of the hydrazide group-containing compound component, carboxylic

acid methyl ester monomer represented by the following formula (10}

ot

can be suitably used. Furthermore, as the crosslinking &agent
component, the afcrementicned crosslinking agents can be usad,
(0121}
[Chemical Formula 36]

{Formula 190}

R, O

R’ o

10

[0122]

wherein, in the formula, R; represents a hydrocarbon chain
having 1 to 20 carbon atoms which may be interrupted with -0-, -3-,
-NH-, ~CO- or ~CONH-; and R represents H, CHs or a hydrocarbon chain

15 having 2 to 5 carbon atoms.

[0123]

Concrete examples of R; and R, include the same as those cited
in the aforementioned formula (4).

[0124]

20 That is, the substance A represented by the formula (4) can be
obtained by pclymerizing a monomer having a structure of the
formula {(10) in the presence of a crosslinking agent for obtaining
a polymer particle containing carboxylic acid ester, and then

treating the polymer particle containing carboxylic acid aster
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with a hydrazine solution of a concentration of not less than 10
volume percentage.

{01257

From a further viewpoint, the present invention provides a
preparation method for obtaining a substance A of the formula (4),
as described above, using a monomer represented by the formula (10},
a polymer obtained by polymerizing this monomer and this formula
(107 .

[0126]

Furthermore, in this preparation method, when the carboxylic
acid ester monomer is used as a starting material, this monomer
is polymerized in the presence of a c¢rosslinking agent to obtain
a polymer particle, and then the polymer particle is treated with
a hydrazine scolution to obtain a2 substance A of the formula (4).
However, for example, when the hydrazide group-containing monomer
of the following formula (13) is used as a starting material, this
monocmer is polymerized in the presence of the aforementioned
crosslinking agent and then subjected to deprotection, whereby a
substance A of the formula {(4) can also be obtained,

(01271

[Chemical Formula 37]

{Formula 13}

Ro

N [P]
)\RG/ N7

H

{0128]

wherein, in the formula, R., represents H, CHi or a hydrccarbon
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chain having 2 to 5 carbon atoms; Rg represents a hydrocarbon chain
having 1 to 20 carbon atoms which may be interrupted with -0-, -5-,
-NH-, -CC- or -CONH-; and [P] represents a protective group.
[0129]
Herein, concrete examples of R; include the same as those cited
in the aforementioned formula (4}.

Furthermore, Rg represents a hydrocarbon chain having 1 to 20

carbon atoms which mey be interrupted with -0-, -%-, =NH-, -CO-
or -CONH-, and examples thersof include the folleowing. In the
following formula, i and j represent an integer of 1 to 5,

[Chemical Fermula 38]

§/ H -
H o/ C——C )—c
~__N-+CH,CH o)—CH CHo—N" R
\%/ \\ 2 2 I 2 2 H J O
0
[0130]

Furthermore, examples of the protective group [P] in the formula

{13) include Boc, Fmoc, Tmoc and the like.
Meanwhile, as a method for deprotecting the protective group [P],

a usual acid treatment can be cited.

[01311

From a further viewpoint, the present invention provides a
preparation method for obtaining a substance A of the formula (4},
as described above, using a monomer represented by the formula {13},
a polymer obtained by polymerizing this monomer and, this formula
(13).

[0132]

Furthermore, of the formula (4}, as the particularly suitable
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substance A, those having a c¢rosslinked polymer structure
represented by the following formula (5) can be cited,
{0133]

[{Chemical Formula 39]

5 {Formulza 5)
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d d
’CHQ C=0
HaC / H,
L C—C
HoC \
Sz CHs
HN
=0 L |
HaC, n
SH2
0=
NH
HoN
13
[0134]

wherein, in the formula, m and n represent the number of monomer
units.
10 [(0135]
Herein, as the carboxylic acid ester moncomer that is a precursor
of the hydrazide group-containing compound component, carboxylic

acid methyl ester monomer represented by the following formula {11}
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can be suitably used. Furthermore, as the crosslinking agent
component, ethylene glycol di(meth)acrylate can be used,

[0136]

[Chemical Formula 40]

(Formula 11)
Q
N )J\/
e~ \\ N \//\O’ '/\\\/O \//\N f\ro\
r T

[0137]

That is, the substance A represented by the formula (5} can be
obtained by polymerizing a monomer having a structure of the
formula (11) in thes presence of a crosslinking agent for obtaining
a polymer particle containing carboxylic acid ester, and then
treating the polymer particle containing carboxylic acid ester
with a hydrazine solution of a concentration of not less than 10
volume percentage.

[0138]

From a further viewpoint, the present invention provides a
preparation method for obtaining a substance A of the formula (95),
as described above, using a monomer represented by the formula (11),
a polymer obtained by polymerizing this monomer and, this formula
(1L) .

[0139]

Furthermore, in this preparation method, when the carboxylic
acid ester monomer of the formula (11} is used as a starting
material, this monomer is polymerized in the presence of a

crosslinking agent to obtain a poclymer particle, and than the
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polymer particle is treated with a hydrazine solution to obtain
a2 substance A of the formula (5). However, for example, when the
hydrazide group—containing monomer of the following formula (14)
is used as a starting material, this monomer is polymerized in the
presence of the aforementioned crosslinking agent and then
subjected to deprotection, whersby a substance A of the formula
(5) can also be obtained,

[0140]

[Chemical Formula 41]

{Formula 14)
y o AR 1M
NN \\,//\*Q’JL\V//\\H/' \E o \\
O O

[0141)]

Furthermore, as a method for deprotecting a t-butoxrycarbonyl
(Boc) group that is a protective group, a usual acid treatment can
be cited.

[0142]

From a further viewpoint, the present invention provides a
preparation method for obtaining a substance A of the formula (5),
as described above, using a monomer represented by the formula (14),
a polynmer obtained by polymerizing this monomer and, this formula
(14) .

[0143]

Furthermore, the substance A represented by the formula (3}, (4)
or (5) is a polymer particle having a hydrazide group of a dry weight

of not less than 100 nmol and preferably not less than 0.5 umol
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per 1 mg. It is preferable that the substance is stable at the
pH of 3 to B, stable under pressure of at least not more than 1
MPa from the viewpoints that a shape of the particle is maintained
and the content of the active hydrazide group is not substantially
changed. Further, since the particle is copolymerized with a
crosslinking agent, the solubility into a solvent is lowered, and
the physical intensity is sufficiently obtained. Furthermore,
there is no moiety to be cut off at the pH of 3 to 8.

[0144]

From another viewpoint, the present invention provides a method
for preparing a sample which involves the sugar chain capture step
including binding a substance A to a sugar chain and/or a sugar
derivative according to the aforementioconed method for preparing

a sample, and the sugar chain release step including tha action

Fh

of a substance B containing an aminooxy group or a hydrazide group
on a complex of the substance A and the sugar chain and/or the sugar
derivative captured in the sugar chain capture step, and binding
the aforementioned sugar chain and/or sugar derivative while cut
off from the aforementioned substance A to the substance B
according to the hydrazone-oxime exchange reaction or the
hydrazone-hydrazone exchange reaction occurred betwsen the
complex and the substance B.

[0145]

In the sugar chain capture step of this method, as described
above, the substance A and the sugar chain and/or the sugar

derivative are bonded via hydrazone formation between the

hydrazide group of the substance A and the reducing end of the sugar
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chain and/or the sugar derivative, thereby capturing the sugar
chain and/or the sugar derivative using the substance A.

[0146]

Subseguently, in the sugar chain release step, as shown in the
following Reaction Formula (1), the hydrazone-oxime exchange
reaction or the hydrazone-hydrazone exchange reaction is carried
out,

[0147]

[Chemical TFormula 42]

{Reaction Formula 1)

Oxime bond
Hydrazene bond or
{Substance B) hydrazone bond
{Sugar chain/ (Substance A)— (SUGar chain/ {Substance B}
sugar derivative) sugar derivalive)
[01487

Herein, substances as described above can be used for the
substance A,

Furthermore, the substance B may be in the form of either a
low-molecular compound or a solid phase carrier.

[0149]

When a low-molacular compound is used, it is preferable that the
substance B contains a molety consisting of at least one of an
arginine residue, a tryptophan residue, a phenyialanine residue,
a tyrosine residue, a cysteine residue and a derivative thereof
from the aforementioned viewpoints, similar to the substance A.

[0150]

That is, by an arginine residue or the like contained in the

substance B, improvement in the detection sensitivity at the



10

15

20

54

measurement of MALDI-TOF-MS, improvement in the reverse phase HPLC

1=-

solation, improvement in the fluorescence detection sensitivity
and the like can be designed for the complex of the substance B
and the sugar chain and/or the sugar derivative cbtained through
the sugar chain release step.

[0151]

Examples of such a substance B include a low-molecular compound
cited in the substance A and a compound having a2 structure
represented by the following formula (7). Furthermore, in the
formula (7}, the tryptophan moiety can also be substituted by
phenylalanine, tyrosine, cysteine or the like,

[0152]
[Chemical Formula 43]

(Formula 7)
O
Ha 1 QH 5
Hﬁko—c-C—NH~?H—C—N—§H—C-{}~R
CHZ CHZ

4 CH,
HN NH

[0153]

wherein, in the formula, R represents -CH; or -CDs,

[0154]

The compound of the formula (7) can be prepared in according with
the following Scheme 3. Incidentally, R is CHs,

[0155]

[Chemical Formula 44]

{Scheme 3)



10

55

gL 9 TH; % H 2y g
:-!;.M—C:—iw(;-ﬂ-(}‘.—l—c-ordq GH 2 142G~ €~ O~ Bl oG- Bt = N-CH—C-N-GH-C-Glle
&, Gy 48 -8-0-EH-G-C-C-0H iy M B eHy  GH:
3 SHa ey o d o CHe
27 _-_H vty o N, é”
A B ¢ . oy .
HE e HH ca HH N z;JH
C=tiet THFfH.O San
N, HH,
B WR-OllE s
F Su 2
H M GGG H~CH G-H-CH -&~0ile
8 fla CH: =1
4] e ,_.__l_\'w_ﬂ. ?H:
nzCH -
Deprotects M=
rotection ) )
@ GeHH
HH,
nt
[0156]

In Scheme 3, the compound (b) {WR~OMe) is obtained by subjecting
the compound in which the amino group of the tryptophan moiety is
protected by the phenyl group or the like to deprotection. Herein,
the tryptophan moiety can also be substituted by phenylalanine,
tyrosine or the like. Subsequentiy, the compound (m) is
synthesized by the condensation reaction such as the mixed acid
anhydride method or the like of the compound (b) and Boc-protected
hydroxylamine (compound (w)). A protective group of this
hydroxylamine is not restricted to Boec such as the compound (w),
but may be Fmoc, Troc or the like. Subsequently, by subjecting
the compound (m) to a deprotection procedure, the compound {(n) is
obtained as the compound of the formula (7), a desired product.
As this deprotection procedure, for example, when a protective
group is Bec, a procedure by trifluorcacetic acid (TFA) can be
cited.

[0157]
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As described above, by introducing an arginine residue, a
tryptophan residue, a phenylalanine residue, a tyrosine residue,
a cysteine residue and a derivative thereof to the substance B,
the captured sugar chain is enabled to be detected with high
accuracy and high sesnsitivity.

[0158]

Furthermore, as shown in the formula (7), chromophore or
flucrophore of the 2-aminobenzoyl group or the like may be
contained in a molecule. Examples of such a group include aromatic
residues having typical examples of a benzyl group, a naphthyl
group, an anthracenyl group, a pyridyl group and the like in
addition to the 2-aminobenzoyl group: and substituents containing
a Dansyl group or a2 Fmec group. Such a substituent is a labeled
compound for providing fluorescence, and is generally used for HPLC
analysis of the sugar chain. Accordingly, the sugar chain and/or
the sugar derivative captured by using the substance A into which
this substituent is introduced can be made into a labeled sample.
This labeled sample is used, whereby the sugar chain and/cr the
sugar derivative captured by using the substance A can be analyzed
with high resolution and high sensitivity by HPLC employing a
reverse phase column.

[0159]

Furthermore, as described in the formula (7}, a deuterated
substituent, for example, a deuterated methoxy ester group or the
like may be contained. Such a deuterated functicnal group
contained therein enables to perform guantitative analysis using

a difference in the mass numbers measured, for example, by mixing
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a standard substance with a sample at a state of the standard
substance with heavy labeling and the sample with light labeling,
in addition te¢ an effect of enhancing the detection sensitivity
by mass spectrometry.

[G160]

According to this, a complex of the substance B and the sugar
chain and/or the sugar derivative obtainad through the sugar chain
release step can also be suitably used for a complex of the
aforementioned substance A and the sugar chain and/cr the sugar
derivative.

[0161]

As for the substance B, a compound having a structure represented
by the formula (7) is described, but the substance B may be a
substance selected from the group comnsisting of the following
substances containing a hydrazide group or the following

substances containing an aminooxy group or a salt,

f0162]

(substances containing a hydrazide group)
3~Dimethylaminonaphthalene~l-sulfonyl hydrazine
{Dansylhydrazine) ; 2-hydrazinopyridine; 9-flucrenylmethyl
carbazate {Fmoc hydrazine); benzylhydrazine;

4,4-difluoro-5,7-dimethyl-4-bora-3a, 4a-diaza-s-indacene-3-prop
ionoc acid, hydrazide;
2-(6,8-diflucro~-7-hydroxy-4-methylcoumarin) acetohydrazide;
7-diethylaminocoumarin-3-carboxylic acid, hydrazide (DCCH}):
phenylhydrazine; 1-Naphthaleneacethydrazide; Z2-hydrazinobenzoic

acid; and phenylacetic hydrazide, or
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{0163}
(substances containing an aminooxy group)
O-benzylhydroxylamine; O~phenylhydroxylamine;

0-{2,3,4,5, 6-pentafluorobenzyl)hydroxylamine;

Q- (4-nitrobenzyl)hydroxylamine; 2—-aminooxypyridine;
Z-amincoxymethylpyridine; 4-[{aminooxyacetyl)amino]lbenzecic acid
methyl ester; 4-[{(aminooxvacetyl)aminolbenzoic acid ethyl ester;
and 4-[ (aminooxyacetyl)aminclbenzoic acid n-butyl ester.

[0164]

Further, from the viewpoint that the captured sugar chain is
detected with high accuracy and high sensitivity, a moiety
containing chromophore or fluorophore may be introduced or a
deuterium may be introduced into these compounds.

[0165]

Herein, a reaction in the sugar chain release step is carried
out by introducing the substance B into a sample containing the
complex of the substance A and the sugar chain and/or the sugar
derivative. The reaction is carried ocut by heating in the pH
adjusted to 3 to 8 and preferably adjusted to 4 to 6 at a temperature
of 4 tc 90 degree centigrade and preferably 60 to 890 degres
centigrade for 15 minutes to 16 hours, preferably 15 minutes to
5 hours and more preferably 30 minutes to 3 hours. As a solvent,
preferably used is any of water, volatile organic solvents having
typical exampies of acetonitrile, methanol and the like, or a mixed
scivent thereof. More preferably used 1s a mixed solvent of water
and acetonitrile, and the most preferably used is a mixed solvent

of water and acetonitrile (1:9) containing 2% acetic acid as a pH
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adjusting agent.

[0166]

Meanwhile, when a solid phase carrier is used, substances cited
in the aforementioned substance A, and substances containing an
aminooxy group, for example, represented by the following formula
(12) can be suitably used for the substance B,

[0167]

[Chemical Formula 45]

(Formula 12)
(Carrier) — R — ONH,

f0168]

wherein, in the formula, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0-, -5-, -NH-, -CO- or —CONH-,

[0169]

In the formula (12), the carrier is a polymer matrix composed
of an inorganic substance or an organic polymer substance, similar
to the carrier described in the formula {3), and is used in the
form of a particle, or a solid phase substrate, or a substance
directly bonded to a surface of the solid phase substrate.
Furthermore, concrete examples of R include the same as those cited
in the formula (3).

(0170}

Herein, the exchange reaction of the sugar chain release step
may be carried out by adding a solution of the substance B of a

low-molecular compound to the substance A in the form of a particle
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capturing the sugar chain and/or the sugar derivative introduced
into a vessel or the like. Furthermore, the exchange reaction may
also be carried out by introducing the aforementioned substance
B in the form of a particle into a vessel or the like, and adding
a solution of the substance A of a low-molecular compound capturing
the sugar chain and/or the sugar derivative. Or, the exchange
reaction may be carried out such that the solution of the substance
B of 2 low-molecular compound may be passing through the substance
A in the form of a particle capturing the sugar chain and/or the
sugar derivative filled in a column or the like. Further, the
exchange reacticon may alse be carried out such that the
aforementioned substance B in the form of a particle is filled in
a column or the like through which the solution of the substance
A of a low-molecular compound capturing the sugar chain and/or the
sugar derivative is passed. Also, the exchange reaction may also
be carried out such that the substance B of a low-molecular compound
is introduced into the solution of the substance A of a
low-melecular compound capturing the sugar chain and/or the sugar
derivative.

(0171]

In the complex of the substance B and the sugar chain and/or the
sugar derivative obtained by this exchange reaction, the substance
B and the sugar chain and/or the sugar derivative are bonded by
a hydrazone bond when a substance having a hydrazide group is used
as a substance B, and by an oxime bond when a substance having an
aminooxy group is used as the substance B.

[0172]



5

10

20

61

As the substance B represented by the formula {12}, a polymer
particle having a structure represented by the following formula
{B) can be suitably used,

[0173]

[Chemical Formula 46]

(Formula 8)

Rs R4
\  Ha \_ Ha
A G- /?——C
R, Ry
\ !
/o ——>c——-cz-—--—-
HZN R5
_‘ “m ~n
[0174]

wherein, in the formula, Ry and R represent a hydrocarbon chain
having 1 to 20 carbon atoms which may be interrupted with -0-, -S-,
-NH-, ~-CO- or -CONH~-; R3, Ry and Rs represent H, CHs or a hydrocarbon
chain having 2 to 5 carbon atoms; and m and n represent the number
of monomer units. Furthermore, concrete examples of Rl to RS
include the same as those cited in the formula (4).

f0175]

Furthermore, as such a polymer particle represented by the
formula (8), a polymer particle having a structure represented by
the following formula (92) can be suitably used,

f0178]

[Chemical Formula 47]

(Formula 9)
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HsC HaC
\  Hs \_ Hp
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. ot
NH O
HaC HoC,
CHy CHy
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HoC /
o A Mo
; o ()
HoC, \
HN,CHz CHa
:C:o L —
HoC, n
o
HoN
m
{0177}

wherein, in the formula, m and n represent the number of monomer
units.

[0178]

Furthermore, it is preferable that the substance B represented
by the formula (12}, (8} or (2) is stable at the pH of 3 to 8 and
stable under pressure of at least not more than 1 MPa from the
viewpoints of the use of a sugar chain-capturing carrier and the
use 0f a solid phase substrate.

[0L79]

Further, after the completion of the aforementioned sugar chain
release step, the hydrazone-oxime exchange reaciion or the

hydrazone-hydrazone exchange reaction may be carried out at least
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one or more times. According to this, a labeled sample can be
obtained by the action of the substance B composed of any optional
labeled compound on the released sugar chain and/or the released
sugar derivative sc that the sample can be applied to the planned
analysis method.

[0180]

Herein, the method for obtaining a labeled sample by releasing
the captured sugar chain using a sugar chain-capturing substance.
However, accerding to the following method, a non-labeled sample
can be obtained, and the present invention provides such a method
for preparing a sample as well.

[0181]

Such a method for preparing a sample is characterized in that
the hydrazone bond is dissociated and the sugar chain and/or the
sugar derivative is released by freating the substance A having
a structure represented by the above formula (3}, (4) or (5) under
acidic conditions to which the sugar chain and/or the sugar
derivative is bonded.

[(0182]

The treatment under acidic conditions at this time is carried
out using a trifluorcacetic acid solution of 0.01 to 10 volume
percentage and preferably a trifluorcacetic acid sclution of 0.01
to 1 volume percentage at 25 to 80 degree centigrade for 5 to 60
minutes.

[0183]

The thus-obtained analytical sample composed cf the sugar chain

sample is not labeled, and is useful for the application of those
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which may not be labeled.

i0184]

In this way, it is possible to perform the separation and
purification of the sugar chain and/or the sugar derivative for
an analytical sample from a biclogical sample containing the sugar
chain and/or the sugar derivative by a simple operation. From a
further viewpoint, the present invention provides an analytical
sample obtained by this method for preparing an analytical sample.

[0185]

Furthermore, from =znother viewpoint, the present invention
provides the use of the method for preparing a sample including
the step of capturing the sugar chain by using the substance A.
That is, the present invention provides a method of applying a solid
phase carrier c¢nto which a sugar chain and/or a sugar derivative
obtained by subjecting a mixture or a specific fraction from the
mixture to the isolation and purification is immobilized as a
carrier for collecting a substance having a bonding property or
aifinity to the sugar chain and/or the sugar derivative.

[0186]

In this application method, firstly, the sample containing the
sugar chain and/or the sugar derivative may be used by subiecting
a mixture or a specifiic fraction from the mixture to the isclation
and purification. Furthermore, using a solid phase carrier as the
substance A, the sample solution is passing through this solid
phase carrier so that the sugar chain and/or the sugar derivative
in this sample is bonded to the hydrazide group or the aminooxy

group of the solid phase carrier and immobilized thereonto.
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[0187]

Subsegquently, by the action of the sample {hereinafter referred
to as a specimen sample) collected from a specimen for performing
diagnosis or examination on this solid phase carrier, a substance
having a bonding property or affinity to the sugar chain and/or
the sugar derivative contained in this specimen sample, for example,
a sugar binding protein such as lectin or the like is collected.
In this way, the solid phase carrier onto which the sugar chain
and/or the sugar derivative in the specimen sample is immobilized,
and can be used as a carrier for collecting lectin or the like in
the specimen sample.

[0188]

Further, the collected substance is detected and quantitatively
analyzed, whereby it is possible to perform the more advanced
analysis of the relationship between the sugar chain and those of
specimen cell differentiation, population growth, cell adhesion,
immunity and a malignant change {cancer} of cells.

(01897

Furthermore, from another viewpoint, the present invention
provides the use of the method for preparing a sample including
the sugar chain capture step and the sugar chain release step.

(0190]

From one viewpoint, the present invention provides a method for
preparing a sugar chain microarray.

That is, in this method for preparing a sugar chain microarray,
the sugar chain and/or the sugar derivative is immobilized onto

a surface of the sclid phase substrate composed o©f a solid phase
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carrier including a substance B having a structure represented by
the following formula {3) or (12} according to the following steps
(1) to {4),
{01917
5 [Chemical Formula 48]

(Formula 3)

{Carrier) —R—NHNH -

{01927
wherein, in the formula, the carrier represents a polymer
10 matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0-, -8-, =-NH-, -CO— or ~CONH-,
[0193]
[Chemical Formula 49}

{Formula 12)

(Carrier) — R —CGNH.,

15
[0194]
wherein, in the formula, the carrier reprasents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0~, ~S8-, -NH-, -CO- or —-CONH~-.
20 f0195]

Incidentally, concrete examples of these substances include the
same as those cited above.

{0196]

(step 1)} a step of purifying and/or isolating the sugar chain

26 and/or the sugar derivative by a specific separation means by
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binding the sugar chain and/or the sugar derivative to a compound
containing a soluble hydrazide group,

(step 2) a step of dispensing drops of a solution of the compound
obtainad in the step (1) in a row onto the aforementioned solid
phase substrate,

{(step 3) a step of proceeding a reacticn of exchanging & sugar
chain~substance A bond with a solid phase substrate-sugar chain
bond by incubating the sclid phase substrate after the complstion
of dispensing drops under prescribed conditions, and immobilizing
the sugar chain and/or the sugar derivative onto the =o0lid phase
substrate, and

{step 4} a step of washing and removing the unreacted substance
on the solid phase substrate.

t0197]

In the step (1), by rsacting the aforemaniionad sugar chain
and/or the sugar derivative with the substance A for capturing the
sugar chain and/or the sugar derivative using the substance A, the
sugar chain and/or the sugar derivative is purified and/or isolated
by using a specific separation means, for example, a technique such
as chromatography or the like. In the step (2), drops of the sugar
chain and/or the sugar derivative obtained in the step (1) are
dispersed onto the solid phase substrate in a row. In the step
(3), the exchange reaction illustrated in the aforementioned
Reaction Formula (i) is carxried out by incubating the solid phase
substrate under conditions of, for example, pH of 5, a temperature
of 60 to 90 degree centigrade and a reaction time of 1 to 16 hours.

As a result, the sugar chain and/or the sugar derivative is
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immeobilized onto the solid phase substrate. In the step (4), the
unreacted substance in the step (3) is washed and removed by a usual
methoed using a buffer or the like.

(0158]

From a further viewpoint, the present invention provides a sugar
chain microarray obtained by such a method. This sugar chain
micrearray can be used as a carrier for collecting a substance which
interacts, for example, with the sugar chain and/or the sugar
derivative contained in the specimen sample. Accordingly,
identification, quantitative analysis or the like of the collected
substance can be performed.

[G1399]

From a further viewpoint, the present invention provides the use
of the sugar chein microarray.

For example, a solution containing the specimen is brought into
contact with a surface of this sugar chain microarray for
incubating under prescribed conditions and washing, and then a
sugar-binding substance collected at the sugar chain and/or the
sugar derivative of a drop-dispersed region on the solid phase
substrate is detected, whereby & system for searching the
sugar-binding substance for specifically binding to or adsorbing
the dimmobilized sugar chain and/or the immobilized sugar
derivative is provided.

[0200]

In this search system, in accordance with the aforementioned
method, the solution containing a specimen {sample) is introduced

into the solid phase substrate onto which the sugar chain and/or



10

15

the sugar derivative is immcobilized from an inlet tube or the like,
and the specimen sample is brought into contact with the sugar chain
and/or the sugar derivative,

{0201]

Furthermore, in a state that the specimen sample is brought into
contact with the sugar chain and/or the sugar derivative, the soiid
phase substrate is incubated. Incubation at this time is carried
out under conditions of, for example, pH of 4 to 10, a temperature
of 37 degree centigrade and a reaction time of 1 to 16 hours.

[0202]

As a result of incubation, the sugar-binding substance collected
at the sugar chain and/or the sugar derivative, for example,
protein such as lectin or the like is detected. As the detection
method and means at this time, when the sugar-binding substance
can be directly fluorescent dyed, fluorescence is measured by using
a fluorescent scanner after the completion of dyeing, whereby the
substance is detected:; and when a sugar-binding substance is
already known and is bonded to a specific antibody, the antibody
is bonded, whereby the substance is detected. Further, when a
sugar—biﬁding substance is protein, the method is not restricted
thereto, and other general methods for detecting protein can be
applied. |

(0203]

According to this system, thes collected sugar-binding substance
is detected, whereby the sugar-binding substance for specifically
binding to or adsorbing the immcbilized sugar chain and/or the

immobilized sugar derivative can be searched. According to this,
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it is possible to perform the more advanced analysis of the
relaticnship between the sugar chain and specimen cell
differentiation, population growth, cell adhesion, immunity and
a malignant change (cancer) in cells.

[6204]

Further, there i1s provided a system for evaluating the
recognition specificity of a binding protein, for example, as the
use of the aforementioned sugar chain microarray, by bringing a
solution containing a specimen into contact with a surface of the
sugar chain mircoarray, colliecting a sugar binding protein in the
specimen at the sugar chain and/or the sugar derivative of a
drop-dispersed region on the solid phase substrate, and
guantitatively analyzing the collected amount by a prescribed
means, for example, fluorescence, color development or the like.

[0205]

As described above, the sugar binding protein in the specimen
sample is collected at the sugar chain microarray composed of the
solid phase substrate onto which the sugar chain and/or the sugar
derivative 1s immobilized, and the collected amount is
guantitatively analyzed.

[0206]

According to this system, based on the result, the recognition
specificity of the binding protein can be evaluated.

[0207]

Furthermore, from another viewpeint, the present invention
provides a method for preparing sugar chain affinity beads as the

use of the method for preparing a sample including the sugar chain
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capture step and the sugar chaln release step.

foz08]

That is, the method for preparing sugar chain affinity beads
includes immobilizing the sugar chain and/or the sugar derivative

onto the surface of the peclymer composed of the solid phase carrier

o

consisting of the substance 8 having a structure represented by
the following formula (3) or (12),

[0209]

[Chemical Formula 50}

10 {Formula 3}

{Carrier) — [ — NHNH2

[0210]
wherein, in the formula, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
15 atoms which may be interrupted with -0-, -8—-, -NH-, -CO- or -CONH-,
[0211]
[Chemical Formula 51]

{Formula 12)
(Carrier) — R —ONM,

20 [0212]
wherein, in the formula, the carrier represents a polymer
matrix; and R represents a hydrocarbon chain having 1 to 20 carbon
atoms which may be interrupted with -0-, -8-, -NH-, -CO- or —-CONH-.
[0213]

25 Incidentally, ceoncrete examples of these substances include the
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same as those described above.

[0214]

Furthermore, in the method for preparing the sugar chain
affinity beads, the sugar chain and/or the sugar derivative may
be immecbilized onto the surface of the polymer particle according
to the following steps (1) to (3},

[0215]

(step 1) a step of purifying and/or isolating the sugar chain
and/or the sugar derivative by a specific separation means by
binding the sugar chain and/or the sugar derivative to a compound
containing a scluble hydrazide group,

(step 2) a step of immobilizing the sugar chain and/or the sugar
derivative onto the polymer particle by bringing the compound
obtained in the step (1) into contact with the polymer particle
and incubating under prescribed conditions for exchanging a sugar
chain-hydrazide group-containing compound bond with a sugar
chain-polymer particle bond, and

(step 3} a step of washing and removing the unreacted substance
on the polymer particle.

[0216]

In the step (1), by reacting the aforementioned sugar chain
and/or the sugar derivative with the substance A for capturing the
sugar chain and/or the sugar derivative using the substance A, the
sugar chain and/or the sugar derivative is purified and/or isolated
by using a specific separation means, for example, a technique such
as chromatography or the like. Incidentally, concrete sxamples

of the conditions of the sugar chain capture reaction at this time
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include conditions of pH of 4 to 7, a reaction temperature at 25
to 20 degree centigrade and a reaction time for 1 to 16 hours,
specifically pH of 5, a reaction temperature at 80 degree
centigrade and a resaction time for 1 hour.

[0217]

In the step (2), the exchange reaction illustrated in the
aforementioned Reaction Formula (1) is carried out by brining the
sugar chain and/or the sugar derivative obtained in the step (1)
into contact with the polymer particle and incubating the solid
phase substrate under specific conditions of, for example, pH of
4 to 7, a temperature at 25 to 90 degree centigrade and a reaction
time for 1 to 16 hours, specifically pH of 5, a temperature at 80
degree centigrade and a reaction time for 1 hour. As a result,
the sugar chain and/or the sugar derivative is immobilized onto
the polymer particle. 1In the step (3), the unresacted substance
in the step (2} is washed and removed by a usual method using a
buffer or the like.

[02181]

Incidentally, the sugar chain and/or the sugar derivative is
captured by wusing the substance A having a hydrazide group in
advance and the exchange reaction is carried out by using the
substance B, whereby sugar chain affinity beads are prepared. The
procedure for preparing sugar chain affinity beads 1is not
restricted thereto. The sample containing the sugar chain and/or
the sugar derivative is directly brought into contact with the
polymer particle prepared using the solid phase carrier consisting

of the substance B, whereby the sugar chain affinity beads may be
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prepared.

[0219]

From a further viewpoint, the present invention provides sugar
chain affinity beads obtained in accordance with such a method.
Further, the present invention provides a system for isolating the
sugar-binding substance for the use of the sugar chain affinity
beads.

[0220]

That is, in the system for isolating the sugar-binding substance,
a solution containing the specimen (sampie) is brought into contact
with the aforementioned sugar chain affinity beads for incubating
under prescribed conditions and washing, and then the captured
sugar-binding substance is isolated.

[0221]

In this system, firstly, a solution containing the specimen
sample is brought into contact with the sugar chain affinity beads
for incubating in a buffer solution containing Ca®' and Mg?' under
specific conditions of, for example, pH of 4 to 10, a temperature
at 37 degree centigrade and a reacticn time for 1 to 16 hours,
whereby a sugar-binding substance is cellected at the sugar chain
and/or the sugar derivative which is immobilized onto a surface
of the sugar chain affinity beads. Furthermore, the surface of
the sugar chain affinity beads at which the sugar-binding substance
is collected is washed by the usual washing procedure using a buffer
or the like.

[0222]

Furthermore, the collected sugar-binding substance is isclated



10

15

20

-]
21

from the sugar chain affinity beads. At this time, as a method
for releasing the sugar-binding substance from the sugar chain
affinity beads, there can be exemplified, for example, a method
including adding an crganic solvent such as methanol or the like
and separating a sugar and a sugar-binding substance; a method
including adding a sclution of hapten sugar of a high concentration
(0.1 to 1IM) and separating a sugar-binding substance, i.e.,
transferring lectin to the added sugar of a high concentration;
and the like.

[0223]

As descried above, the method for preparing a sample of the

present invention can be applied to various purposes.

EXAMPLES

[0224]

The present invention is now illustrated in detail below with
reference to the following Experimental Examples. However, the
present invention is not restricted to these Experimental
Examples.

[0225]

Experimental Example 1

(A} Preparation of hydrazide group-containing compound

[0226]

Low-molecular hydrazide compound

1. Commercial products were used for the following hydrazide
compounds,

5-Dimethylaminonaphthalene~-1-sulfonyl hydrazine
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(Dansylhydrazine}; 2-hydrazinopyridine; 9-fluorenylmethyl
carbazate {Fmoc hydrazine); benzylhydrazine;
4,4~difluoro-5,7-dimethyl-4-bora-3a, 4a~diaza-s—indacene-3-prop
ionoc acid, hydrazide {BODIPY {tm) FL hydrazide};

2-{6,8~-difluoro-7-hydroxy-4-methylcoumarin)acetohydrazide

{(Marina Blue {(tm) hydrazide) ;
7-diethylaminocoumarin-3-carboxylic acid, hydrazide (DCCH):;
phenylhydrazine; 1-Naphthaleneacethydrazide: and

2-hydrazinocbenzoic acid.

[0227]

2. Synthesis of AcWRh {substance A)

AcWRh was synthesized through the route illiustrated in the
aforementioned Scheme 1 (incidentally, Ac represents an acetyl
group, W represants a tryptophan residue, R represents an arginine
residue, and h represents a hydrazide group).

[0228]

(1) Synthesis of WR-OMe (compound (b))

Mathanol (5 ml) was added to Z-WR-OMe {(a) (10 mg, 290 mmel} and
10% Pd/C (i0 mg), and the resulting mixture was stirred in a
hydrogen gas atmosphere at room temperature for 2 hours. The
reaction solution was filtered using an agueous membrane filter
to remove Pd/C and the filtrate was concentrated under a reduced
pressure, whereby a desired compound {(h) (WR-OMe} was obtained.
By the analysis according to MALDI-TOF-MS, a desired product, the
[M+H] + ion was observed at m/z: 376.

[C229]

(2) Synthesis of AcCWRCOMe (c)



10

25

17

WR-OMe (b) (53 mg, 0.14 mmol) was dissolved in 1 ml of DMF, and
WSC (40 mg, 0.20 mmol}, DMAP (5 mg, 0.041 mmol) and acetic acid
(200 ul) were added thereto. The resulting mixture was stirred
at room temperature for 3 hours. Furthermore, WSC (50 mg, 0.26
mmol} was added and stirred all night. The reaction solution was
concentrated, and the obtained residue was purified by silica gel
column chromatograpvhy (chloroform:methanol = 1:1), whereby a
desired AcWROMa was obtained.

1H NMR (500 M¥z, CD30OD)&7.70-7.00 {m, 5H, indole), 3.6Z (s, 3H,
OMe), 1.93 (s, 3H, Ac)

{02307

{3) Synthesis of AcWRh (d)

10 mg of AcWROMe was dissolved in 10% hydrazine/methanol (5 ml),
and the resulting sclution was reacted at room temperature for 12
hours and then concentrated, whereby AcWRh (d) was prepared. By
the analysis according to MALDI-TOF MS, a desired product, the [M
+ H} + ion was observed at m/fz: 416.89.

[0231]

On the other hand, according to the above procedure, d-AcWRh (e)
in which an acetyl group was substituted by a deuterium was
prepared.

d-AcWROMe: 1H NMR (500 MHz, CD30D)87.59-6.99 {(m, 5H, indole},
3.62 (s, 3H, OMe), 1.93 (s, 3H, Ac}), d-BcWRh: MALDI-TOF-MS [M +
Hi+ m/z: 419.94

[0232]

Synthesis of hydrazide group~containing polymer beads

1. Synthesis of methyl ester-containing monomer



10

15

78

A methyl ester-containing monomer was synthesized through the
route illustrated in the following Scheme 4,
[0233]

[Chemical Formula 52]

{Scheme 4)
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{0234]

(1) Synthesis of compound (h)

A solution prepared by dissolving methacrylic anhydride (MAH:
5 g, 0.03 mol) (£} in 100 ml of chloroform was put dropwise, on
an ice bath, to a solution prepared by dissolving 25 g of
(ethylenedioxy)bis{ethylamine} (EDBEA: 25 g, 0.17 mol) {g) in 100
ml ¢f chloroform. The resulting material was f£filled with nitrogen
and the content was stirred 21l night. The residue obtained by
evaporating a solvent from the obtained reaction solution was
applied to silica gel column chromatography (development solvent:

mixed solvent of 90 volume % chloroform / 10 volume % methanol)
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for teaking out a prescribed £fraction, and the solvent was

evaporated from this fraction, whereby a compound (h) was obtained.

[0235]

{2) Synthesis of compound (7}

To a solution prepared by dissolving 5 ¢ of the compound (h)
{(0.023 mol) in 100 ml of chloroform were added 1.5 equivalents of
monomethyl succinate (i) and 1.5 equivalents of a water-soluble
carbodiimide compound (Wsc), i.e.,
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide. The reaction
vessel was tightly sealed and filled with nitrogen, and the content
was stirred all night. The residue obtained by evaporating a
solvent from the obtained reaction sclution was applied to silica
gel column chromatography (development solvent: mixed solvent of
S0 veolume % chloroform / 10 volume % methanol) for taking out a
prescribed fraction, and the solvent was evaporated from this
fraction, whereby a compound (j) was obtained.

Furthermore, the obtained substance was confirmed to be the
compound (j) by NMR and a matrix-assisted laser-desorption ionized
time-of-flight mass spectromester {MALDI-TOF-MS}.

[0236]

2. Synthesis of methyl ester-containing polymer

A polymer particle containing methyl ester was synthesized
through the route illustrated in the following Scheme 5,

102371 |

[Chemical Formula 53]

(Scheme 5}
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[0238]

Intec a three-necked flask was introduced 25 ml of a 5% agueous
solution of polyvinyl alcohol (PVA) and purged with nitrogen. A
mixture composed of 1 g (2.6 mmol) of the compound (j), ethylene
glycol dimethacrylate (k) (EGDMA: 5 mol% with respect to {j)) and
1 ml of chloroform was introduced into said three-necked flask,
and the reaction solution was stirred while the temperature was
maintained at 60 degree centigrade to disperse the compound (3)
and EGDMA, which were moncomers contained in the mixture, in the
agueous PVA solution. Subsequently, to start polymerization,
azobisiscobutyronitrile (AIBN} was added as a polymerization
initiator in an amcount of 3 weight % with respect to the monomer.
The reaction was carried out at 60 degree centigrade for 16 hours,

and then the resultant polymer particles were collected by
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centrifugation and washed with methanol and water.

[0239]

3. Introduction of hydrazide group

400 mg of a polymer particle was taken in a vessel, 4 ml of
hydrazine monohydrate was added, and the resulting mixture was
stirred and allcwed to stand at room temperature for 2 hours. After
the reaction, hydrazine monchydrate was removed, and the resulting
reactant was washed with methanol, and then rinsed with 1M
hydrochloric acid. Thereafter, the resulting reactant was further
washed with pure water.

[0240]

4. Quantitative analysis of amount of functional group

1l mg of a polymer particle was taken in a vessel. 1 pmol of
N—acetyl-D-lactosamine (LacNAc) was added thereto, and 180 pl of
aceteonitrile containing 2% acetic acid was further added. The
resulting materjial was heated at 80 degree centigrade for 45
minutes, whereby LacNAc and a hydrazide group on beads wers reacted.
Beads were rinsed with pure water so that the unreacted sugar chain
was recovered and quantitatively analyzed by the measurement of
MALDI-TQF~-MS (internal standard method) to obtain the bonding
amount of LacNAc with beads. It was found that 0.86 pmol (860 nmel)
of LacNAc was bonded per 1 mg of beads.

[0241]

Commercial hydrazide group-containing beads

Affi-Gel Hz manufactured by Bio-Rad Co., Ltd. was used as it was.

1. Quantitative analysis of amount of functional group

50 ul (16.5 mg as a dry weight of beads) of a dispersion of
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Affi-Gel Hz was taken in a wvessel. 1 pmol of LacNAc was added
thereto, and 180 pl of acetonitrile containing 2% acetic acid was
further added. The resulting material was heated at 80 degree
centigrade for 45 minutes, whereby LacNAc and a hydrazide group
on beads were reacted. Beads were rinsed with pure water so that
the unreacted sugar chain was recovered and guantitatively
analyzed by the measurement of MALDI-TOF-MS (internal standard
mathod) to obtain the bonding amount of LacNAc with beads. It was
found that about 8 nmol of LacNAc was bonded per 1 mg of beads (dry
weight) .

[0242]

(B) Synthesis of aminooxy group-containing compound

Synthesis of aminooxy group-containing low-molecular compound
aoWR

aoWR ({compound (n)) was synthesized according to the
aforementioned Scheme 3 (ac represents an aminooxy greoup).

[0243}

(1} Synthesis of Boc-NHOCH2CO-W-R-OMe (compound (m})

A THE (6 ml) soilution of Boc¢ amincoxyacetic acid (1) (2.5 mmol)
was cooled down to ~20 degree centigrade. Next, N-methylmorpholine
{3.0 mmol) and iscbutyl formate (3.0 mmol) were added thereto, and
the resulting mixture was stirred for 15 minutes, whereby a mixed
acid anhydride was prepared. The reaction solution was at a
temperature of 0 degree centigrade, the compound (b) (WR-OMe (3.0
mmol) } was dissolved in water (3 ml}, and sodium hydrogen carbonate
(3.0 mmecl) was added to prepare a WR-OMe solution. The WR-OMe

solution was mixed with another reacticn solution and the resulting
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mixture was stirred for 1 hour. The reaction solution was
concentrated under a reduced pressure, and the obtained residue
was purified by silica gel column chromatography, whereby a desired
compound (m} (Boc-NHOCH2CO-W~R~OMe) was obtained. By the analysis
according to MALDI-TOF-MS, a desired product, the [M+H] + ion was
observed at m/z: 547.

[0244]

(2) Synthesis of NH20CH2CO-W-R-OMe {compound (n))

To the compound (m) was added trifluoroacetic acid (TFA) {2 ml),
and the resulting mixture was stirred at ~20 degree centigrade for
2 hours. The reaction solution was concentrated under a reduced
pressure, toluene was added and the reaction scluticon was
repeatedly azeotroped to remove TFA, whereby a desired compound
(n) was obtained. By the analysis according to MALDI-TOF-MS, a
desired product, the {M+H] + ion was observed at m/z: 448,

[0245]

On the other hand, in accordance with the above procedure, acWR
(H) in which hydrogen of a methyl group was protium and acWR (D)
in which hydrogen was deuterium were prepared.

[0246]

Synthesis of aminooxy group-containing polymer beads

A polymer particle containing an amincoxy group was prepared
according to the method as described in Patent Document:
International Publication Pamphlet No. 2005/097844.

[0247]

Experimental Example 2

Preparation of sugar chain sample
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(1) Preparation of glycoprotein sugar chain

Fetuin was usad as glycoprotein or ribonuclease B was used as
a sample. 10 mg of glycoprotein was taken in a vessel and dissolved
in a 50 mM ammonium bicarbonate solution. A small amount cof g
surface active agent was added thereto and the reaction solution
was incubated at 60 degree centigrade for 30 minutes, and then 10
units of N-glycosidase F (a product of Roche) were added, and the
resulting solution was incubated at 37 degree centigrade for 16
hours, whereby a sugar chain was released.

£0248)]

{2) Preparaticn of glycoprotein sugar chain contained in serum

5 mL of normal serum was taken in a vessel and dissolved in a
50 mM ammonium bicarbonate solution. A small amount of a surface
active agent was added thereto and the reaction solution was
incubated at 60 degree centigrade for 30 minutes, and then 5 units
of N-glycosidase ¥ {a product of Roche) were added, and the
resulting solution was incubated at 37 degree centigrade for 16
hours, whereby a sugar chain was released.

[6249]

Experimental Example 3

Reaction of low-molecular hydrazide compound with sugar chain

{1) Reaction of commercial hydrazide compound with sugar chain

The hydrazide compound of Experimental Example 1 {(A) with a
concentration of 10 mM was dissolved in methanol or acetonitrile
to obtain a hydrazide compound solution. To the fetuin sugar chain
solution of Experimental Example 2{1l} (corresponding to 500 pmol)

were added 1 pl of a hydrazide compound solution and further 100
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1l of acetenitrile. The reaction solution was heated at 80 degree
centigrade for 45 minutes, whereby the sugar chain and the
hydrazide compound were reacted. The product after the completion
of the reaction was measured by MALDI-TOF-MS.

[0250]

Big. 1 illustrates a MALDI-TOF-MS chart when
2-~hydrazinopyridine was ©Lypically used, whereas a peak was
observed at the position indicating the molecular weight of the
sugar chain (in the figure, a structure represented in & schematic
view) and 2-hydrazinopyridine bonded to each other. The same
results were also obtained when other compounds were used.

(02511

(2) Reactiocn of AcCWRh with sugar chain

AcWRh of Experimental Example 1{A) was dissolved to the
concentration of 10 mM in methancl or acetonitrile to obtain a
hydrazide compound solution. The serum sugar chain solution
{corresponding to 5ul of serum) of Experimental Example 2(2) was
taken in a vessel. iul of the hydrazide compound solution was added
thereto and 100 ul of acetonitrile was further addsed. The resulting
material was heated at 80 degxee centigrade for 45 minutes, whereby
the sugar chain and the hydrazide compound (AcWRh) were reacted.
The product after the completion of the reaction was measured by
MALDI-TOF-M3.

[0252]

Fig. 2 illustrates a MALDI-TQF-MS chart, whereas a peak was
observed at the position indicating the molecular weight of the

sugar chain {in the figure, a structure represented in a schematic
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view) and AcWRh bonded to each other.

[0253]

Experimental Example 4

Reactien of hydrazide group-containing polymer beads with sugar
chain

2.5 mg of the polymer beads containing a hydrazide group of
Experimental Example 1(A) was measured in a vessel. The serum sugar
chain solution (correspeonding to 5ul of serum) of Experimental
Example 2{2) was added, and 180 upl of acetonitrile containing 2%
acetic acid was further added. The resulting materizl was heated
at 80 degree centigrade for 45 minutes, whereby the sugar chain
and & hydrazide group on besads were reacted. Beads were rinsed
with a small amount of pure water so that the unreacted sugar chain
was recovered and guantitatively analyzed by the measurement of
MALDI-TOF-MS {internal standard method). As a result, it was found
that B0 to 90% sugar chain was bonded to beads. Thereafter, beads
weare washed with a 0.5% aqueous solution of sodium dodecyl sulfate
{SDS}, 50% methanol, an agqueous solution of 4M guanidine and pure
water, and supplied to the experiment of re-releasing of the sugar
chain to be described below.

[0254]

Experimental Example 5

Preparation of labeled sugar chain

{1) Bonding of AcWRh (d), AcWRh (e) and sugar chain

To an aqueous chitotriose solution was added 10 equivalents of
AcWRAa (d) cor d-AcWRh (e} of Experimental Example 1(A), and the pH

was adijusted to 5 with acetic acid. The reaction solution was
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heated at 90 degree centigrade for 1 hour, whereby a labeled
chitotriose-AcWRh (d) and a labeled chitotriose-d-AcWRh (e} weré
obtained.

[0255]

{2) Bonding of aoWR{H), aoWR(D} and sugar chain

To an aqueous chitotriose solution was added 10 equivalents of
aoWR (H) or aoWR (D)} of Experimental Example 1(B), and the pH was
adjusted to 5 with acetic acid. The reaction soluiion was heated
at 90 degree centigrade <for 1 hour, whereby a labeled
chitotriose—aoWR was coktained.

[(0256]

Experimental Example 6

Liquid phase exchange reaction of functional groups

In the following exchange reaction, the sugar chain labeled with
a hydrazide group~containing compound was reacted with an aminocoxy
group-containing compound (or a hydrazide group-containing
compound), whereby label was transferred by the hydrazone-oxime
exchange (or hydrazone-hydrazone exchange). By comparison, as for
the sugar chain labeled with an aminooxy group-containing compound,
label was alsco attempted to be transferred. The progress of the
reaction was confirmed by MALDI-TQEF-MS.

[0257]

(A} Exchange reaction of functional groups

(1) Hydrazone-hydrazone exchange reaction

To a solution of the labeled chitotriose-AcWRh {(d) of
Experimental Example 5(1) was added 10 equivalents of d-AcWRh (e)

of Experimental Example 1{A), and the pH was adijusted te 5 with
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acetic acid. The reaction selution was heated at 90 degree
centigrade for 1 hour, and then a part of the reaction solutien
was taken cut and mixed with the labeled chitotriose—aoWR (H) of
Experimental Example 5(2) with a known concentration as an internal
standard. This resulting mixture was analyzed by MALDI-TOF-MS,
and a ratioc of the labeled chitectriose-AcWRh (d) contained in the
reaction solution to the labeled chitotriose-d-AcWRh {2} obtained
in this reaction was calculated.

[0258]

{2) Hydrazone-oxime exchange reaction

To a solution of the labeled chitotriose~AcWRh {(d) of
Experimental Example 5(1) was added 10 equivalents of aoWR (H) of
Experimental Example 1{B), and the pH was adjusted te 5 with acetic
acid. The reaction solution was heated at 90 degree centigrade
for 1 hour, and then a part of the reaction solution was taken ocut
and mixed with the labeled chitotriose—aoWR (D) of Experimental
Example 5(2) with a known concentration as an internal standard.
This resultiing mixture was analyzed by MALDI-TOF-MS, and a ratio
of the labeled chitotriose-~AcWRh (d) contained in the reaction
solution to the labeled chitotriose-aoWR (H) obtained in this
reaction was calculated.

[G259]

(3) Oxime-hydrazone exchange reaction

To a solution of the labeled chitotriose—~aoWR (H) of
Experimental Example 5(2) was added 10 equivalents of AcWRh (d)
of Experimental Example 1(A), and the pH was adjusted to 5 with

acetic acid. The reaction soluticon was heated at 90 degree
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centigrade for 1 hour, and then a part of the reactiocn sclution
was taken out and mixed with the labeled chitotriose-d-AcWRh (e)
of Experimental Example 5(1) with a known concentratiocn as an
interral standard. This resulting mixture was analyzed by
MALDI-TOF-MS, and a ratio of the labeled chitotriose-acWR (H)
contained in the reaction solution to the chitotriose-~AcWRh (d)
obtained in this reaction was calculated.

[0260]

(4) Oxime-oxime exchange reaction

To a solution of the labeled chitotriose-aoWR (H) of
ExXperimental Example 5(2) was added 10 equivalents of aoWR (D) of
Experimental Example 1(B), and the pH was adjusted to 5 with acetic
acid. The reaction solution was heated at 90 degree centigrade
for 1 hour, and then a part of the reaction solution was taken out
and mixed with the labeled chitotriose-AcWRh (d) of Experimental
Example 5(1) with a known concentration as an internal standard.
This resulting mixture was analyzed by MALDI-TOF-MS, and a ratio
of the chitotriose—~acWR (H) contained in the reaction solution to
the chitotriose—aoWR (D) obtained in this reaction was calculated.

[0261]

(B) Study of exchange reaction of functional groups

Fig., 3 is a graph illustrating the yields of the exchange
reactions of the above 4 patterns.

It was found that the efficiency of the hydrazone-hvdrazone
exchange reaction and the hydrazone-oxime exchange reaction was
higher than that of the oxime~hydrazone exchange reaction and the

oxime-oxime exchange reaction. That is, the hydrazone bond was
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easily subjected to the excnange reaction rather than the oxime
bond. Furthermore, it was alsc found that the hydrazone-oxime
exchange proceeded with good efficiency rather than the
hydrazone-hydrazone exchange.

[0262]

Experimental Example 7

Exchange reaction from solid phase to liquid phase

(A) Comparison of exchange reaction efficiency

From the results o¢f liquid phase exchange reaction in
Experimental Example 6, it was found that the hydrazone-oxime
exchange proceeded the most efficiently. As shown below, the
efficiency of the exchange reaction from solid phase to liquid
phase was also compared in the same manner.

[0263]

Beads containing a hydrazide group capturing the serum sugar
chain in Experimental Example 4 and beads containing an aminooxy
group capturing the serum sugar chain in the same manner as in
Experimental Example 4 were used for the comparison. To each of
sugar chain capturing beads was added 20 pl of aoWR (H} solution
(20 mM) or AcWRh (H) solution (20 mM} and further 180ul of 2% acetic
acid/acetonitrile solution, and the resulting mixture was heated
at 80 degree centigrade for 45 minutes. After the completion of
the reaction, the supernatant was recovered and the MALDI-TOF-M3
measurement was carried out.

[0264]

Fig. 4 is a MALDI-TOF-MS chart.

As clear from the S$/N ratio of the chart, it was found that the



10

15

91

efficiency was the best when beads containing a hydrazide group
captured the sugar chain and an aminooxy compound released it. This
result is consistent with the result from the comparison of the
reaction efficiency in the liguid phase in Experimental Example
6.

[0265]

(B) Re-release of sugar chain from besads by exchange reaction

(1} Re-release of sugar chain £from pclymer beads containinag
nydrazide group

To polymer beads containing a hydrazide group bonded to the sugar
chain in Experimental Example 4 were added 20 ul of aoWR (H)
solution (20 mM) and 180 pl of 2% acetic acid/acetonitrile solution,
and the resulting mixture was heated at 80 degree centigrade for
45 minutes. After the completion of the reaction, the supernatant
was recovered and an internal standard substance {(chitotetraose)
was added thereto for carrying out the MALDI-TOF-MS measurement,
whereby the amount of the recovered sugar chain was calculated.

[02686)

(2) Re-release of sugar chain from commercial beads {RAffi-Gel
Hz)

With respect to Affi-Gel Hz capturing the serum sugar chain in
the same manner as in Experimental Example 4, the sugar chain was
re-released in the same manner as in (1) of Experimental Example
7(B), whereby the amount of the recovered sugar chain was
calculated.

[0267]

Fig. 5 illustrates a MALDI-TOF-MS chart of the sugar chain
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racovered in the method of (1) of Experimental Example 7(B).

As a result of the calculation from the signal amount of the
internal standard substance, it was found that 56% of the amount
of the sugar chain used could be recovered.

[0268)

Fig. 6 illustrates a MALDI-TOF-MS chart of the sugar chain
recovered in the method of (2} of Experimental Example 7(B). At
the same time, the chart of the sugar chain recovered in (1) of
Experimental Example 7(B) was also illustrated.

[0269]

From the S/N ratio of the mass spectrum, it was obviously found
that the amount of the recovered sugar chain was small when
commercial beads were used. It was found that, even when the amount
of beads used was increased by 3 times, it failed to re=ach the
polymer beads containing a hydrazide group by the signal amount.
This is considered, as described above, because the amcunt of the
functional group c¢f commercial beads 1is small {about 1/100) as
compared to beads of the present inventiaon.

[02701

Experimental Example 8

Exchange reacticn from liguid phase to solid phase

As 1llustrated below, the sugar chain labeled with a hydrazide
compound {hydrazone bond) was brought into contact with polymer
beads containing an aminocoxy group, whereby the hydrazone-oxime
exchange reaction from ligquid phase to solid phase was carried out.
This method could be applied such that, for example, the sugar chain

was labeled with a fluorescent hydrazide compound, and then the
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sugar chain was isolated by HPLC or the like and reacted with beads,
whereby the isclated sugar chain was immobilized onto beads. In
short, this method can be used as a method for randomly selecting
a sugar chain from sugar chain mixtures (for example, sugar chain
recovered from glyccprotein) and presenting the selected sugar
chain onto a surface ¢of the beads. Further, as an application
example, a solid phase substrate can also be used instead of beads.

[0271]

(1) Bonding of hydrazine compound {AcWRh (d)) with sugar chain

AcWRh (d) of Experimental Example 1 (A} was dissolved in methanol
with a concentration of 10 mM. 10 pmol of the sugar chain released
from fetuin that was glycoprotein was taken in a vessel. 1 ul of
a hydrazide compound solution was added and 100 ul of acetonitrile
containing 2% acetic acid was further added. The resulting
material was heated at 80 degree centigrade for 45 minutes, whereby
the sugar chain and AcWRh (d) were reacted.

[0272]

(2) Bonding of hydrazine compound (d-AcWRh (e}) with sugar chain

The sugar chain and d-AcWRh (e) were reacted in the same manner
as in Experimental Example 8(1).

[0273]

(3) Exchange reaction

3 mg of polymer beads containing an aminooxy group was taken in
a vessel, and the sugar chain bonded to AcWRh (d) was put thereinto.
The pH was adjusted to 4 with an acetic acid buffier sclution, and
the resulting solution was reacted at 80 degres centigrade for 1

hour. After the completion of the reaction, the supernatant was
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recovered, the labeled d-AcWRh (e) suger chain with a known
concentration was added as an internal standard, and the
MALDI-TOF-MS measurement was carried out, whereby the amount of
the sugar chain (NA3: Asialo, galactosylated triantennary glycan
typically paid attention te) was obtained. As the negative control,
the system free from polymer beads containing an aminooxy group
was treated in the same manner.

[0274]

Fig. 7 illustrates a MALDI-TOF-MS chart.

In the system in which polymer beads containing an aminocoxy group
was reacted, about 20% of the amount of the sugar chain was observed.
On the other hand, in the negative control, the amount of the sugar
chain was hardly changed. From this fact, it was found that about
80% of the amount of the sugar chain was bonded on polymer beads
containing an aminooxXy group.

[(6275]

Experimental Example 9

Monosaccharide immobilized beads

Preparation of monosaccharide immobilized beads

10 mg of polymer beads containing an aminooxy group of
Experimental Example 1(B} was taken in z vessel, and 10 umol of
galactose (Gal) or N-acetylgluccsamine {GlcNAc) was added thereto.
200 pl of acetonitrile containing 2% acetic acid was added thereto,
and the resulting material was heated at 80 degree centigrade for
1 nour, whereby the sugar was immobilized onto beads. Thereafter,
beads were sequentially washed with a 0.5% 3DS solution, methanol

and pure water, whereby foreign matters were removed.
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[(0276]

(2) Verification of iectin capturing ability

Three kinds of labeled HRP (horse radish peroxidase) lectins:
HRP-Concanavalin A (Con A), HRP-Wheat germ agglutinin (WGA) and
HRP~Ricinus communis agglutinin {(RCA120) (all lectins
manufactured by Seikagaku Corporation) were respectively
dissolved to the concentration of 1 ug/ml in a binding buffer (50
mM Tris/HC1l, 100 mM NaCl, 10 mM CaCl2, 10 mM MgCl2, pH7.6). 1 mg
of beads onto which monosaccharide was immobilized in Experimental
Example 9(1) was taken in a vessel, and 100 ul of any of lectin
solutions was added thereto, and the resulting mixture was mildly
stirred at 37 degree centigrade for 16 hours. Thereafter, beads
ware washed with a binding buffer containing 0.05% of Tween-20 and
a binding buffer respectively for 1 hour. Labeled HRP lectin bonded
on beads was the development of the color with a peroxidase coloring
kit {a product of Sumitcmo Bakelite Co., Ltd.) for measuring the
absorbance of the solution at 450 nm, whereby the binding amount
of lectin was estimated.

(02771

As shown in Fig. 8, it was found that lots of WGA was bonded to
GlcNAc immobilized beads, while lots of RCAL20 was bonded to Gal
immobilized beads. It has been known that WGA mainly recognized
GlcNAc, while RCA120 mainly recognized Gal. Monosaccharide
immobilized beads obtained by applying the method of the present
invention could surely recognize and capture corresponding lectin.

[(0278]

Experimental Example 10
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Oligosaccharide immobilized beads

Preparation of cligosaccharide immobilized beads

10 mg of polymer beads containing an aminooxy group of
Experimental Example 1{B) was taken in a vessel, 1 umol of the
fetuin sugar chain of Experimental Example 2 (1) or a ribonuclease
B sugar chain solution was added in terms of the amount of the sugar
chain. 200 pl of acetonitrile containing 2% acetic acid was added
and the resulting material was heated at 80 degree centigrade for
1 hour, whereby the sugar chain was immcbilized onto beads.
Thereafter, beads were sequentially washed with a 0.5% SDS solution,
methanol and pure water, whereby foreign matters were removed.

[0279]

(2) Verification of lectin capturing ability

Capture of Concanavalin A (Con &)

1 mg of beads with Ribonuclease B sugar chain immobilized thereon
in Experimental Example 10(l) was taken in a vessel. 1 ul of the
Con A seolution (10 pg/ml) and 100 pl of the binding buffer were
added thereto, and the resulting material was mildly stirred at
37 degree centigrade for 16 hours, whereby Con A was bonded to the
sugar chain on beads. Thereafier, beads were washed with a binding
buffer containing 0.05% of Tween-20 and a binding buffer
respectively for 1 hour. The cleaning solution was removed, 20
pl of 0.5 M methyl-o-mannopyranoside was added as hapten, and the
resulting mixture was stirred at 37 degree centigrade for 2 hours,
whereby Con A bonded to the sugar chain on beads was released. The
supernatant was recovered, a trypsin solution (sequence grade

trypsin, a product of Promega) was added, the reaction mixture was



10

20

97

allowed to stand at 37 degree centigrade for 16 hours, and the
released Con & was fragmented into peptides. A part of the reaction
solution was taken and the MALDI-TOF-MS measurement was carried
out. As shown below, data was compared with already known amino
acid sequence of Con A.

[0280]

(1) The trypsin cut position was presumed from the amino acid
sequence of Con A (already known) for estimating the mass number
of a peptide fragment. Further, it was compared with the measured
mass spectrum data so that it was confirmed that they were
consistent. At this time, the mass number of the peptide fragment
was estimated using PeptideMass {a tool published on web).

(2} MS/MS analysise of the representative spectrum of the
obtained spectra was carried out. As a result of the analysis using
MASCOT MS/MS Ion Search {a tool for estimating original protein
from MS/MS data of the peptide fragment), it was confirmed that
the peptide was surely derived from Con A.

[0281)]

As shown in Fig. 9, lots of peaks were detected, in which the
Con A-derived peptide and the mass number were consistent. The
main sugar chain contained in Ribonuclease B was a high
mannose—-type sugar chain {lots of mannose residues contained),
while Con A has a property of recognizing mannose and binding to
it. [rom these facts, Con A could be recognized and captured by

the sugar chain immobilized onto beads.
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CLATIMS

1. A method for preparing a sample in which a substance A
containing a hydrazine group and having a crosslinked polymer
structure represented by the following formula (4) is bonded
to a sugar chain and/or a sugar derivative via hydrazone
formation between the hydrazine group 0f the substance A and
the reducing end of the sugar chain and/or the sugar derivative,

(Formula 4)

Ry Rq
\ H N Hy
-—-m-——/c—c c—C —f—
R, R,
\ H
NH \c c’
/
HzN RS
_ dm L In

wherein, in the formula, R; and R; represent a hydrocarbon
chain having 1 to 20 carbon atoms which may be interrupted with
-0-, —-S~, =NH-, -CO- or -CONH-; R;, R4 and Rs represent H, CH;
or a hydrocarbon chain having 2 to 5 carbon atoms; and m and

n represent the number of monomer units.

2. The method for preparing a sample as set forth in claim 1,
in which said substance A has a crosslinked polymer structure
represented by the following formula (5),

(Formula 5)
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HoC HaC
\ HZ \ HE
——C~—C Cc—C ——
o) o
NH e
HoC HaC,
CH CH
g g
\CHQ C=0
HoC / H,
O c—cC
HaC, \
CHa CHs
HN
=0 | L o
HoC,
CH.
0=C,
NH
HoN

wherein, in the formula, m and n represent the number of

monomer units.

3. The method for preparing a sample as set forth in claims 1
or 2, in which said substance A is a polymer particle having
an average particle diameter of equal to or more than 0.1 and

equal to or less than 500 um.

4. The method for preparing a sample as set forth in any one
of claims 1 to 3, in which said substance A is a polymer particle
having a hydrazide group of a dry weight of not less than 100

nmol per 1 mg.
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5. The method for preparing a sample as set forth in any one
of claims 1 to 4, in which said substance A is stable at the

pH of 3 to 8.

6. The method for preparing a sample as set forth in any one
of claims 1 to 4, in which said substance A is stable under

pressure of at least not more than 1 MPa.

7. Amethod for preparing a sample which involves the sugar chain
capture step comprising binding a substance A o a sugar chain
and/or a sugar derivative according to the method for preparing
a sample as set forth in any one of claims 1 to 6, and

the sugar chain release step comprising the acticon of a
substance B containing an aminooxy group or a hydrazine group
on a complex of the substance A and the sugar chain and/or the
sugar derivative, captured in the sugar chain capture step, and
binding said sugar chain and/or said sugar derivative while cut
off from said substance A to said substance B in accordance with
the hydrazone-oxime exchange reaction or hydrazone-hydrazone
exchange reaction occurred between said complex and said

substance B.
8. The method for preparing a sample as set forth in claim 7,
in which said substance B comprises a moiety containing

chromophore or fluorcphore.

9. The method for preparing a sample as set forth in claim 7,
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in which said substance B is a substance selected from the group
consisting of the following substances containing a hydrazine
group or the following substances containing an amincoxy group
or a salit,

(substances containing a hydrazine group)
5-Dimethylaminonaphthalene-l-sulfonyl hydrazine
(Dansylhydrazine}; 2-hydrazinopyridine; 9-fluorenylmethyl
carbazate (Fmoc hydrazine); benzylhydrazine;
4,4-difluoro-5,7-dimethyl-4-bora-3a, 4a~diaza~-s~indacene-3-p
ropionoc acid, hydrazide;
2-{6,8~difluoro-7-hydroxy-4-methylcoumarin)acetohydrazide;
7-diethylaminccoumarin~-3-carboxylic acid, hydrazide (DCCH):;
phenylhydrazine; l-Naphthaleneacethydrazide;
Z2-hydrazinobenzoic acid; and phenylacetic hydrazide; or

(substances containing an aminooxy group)
O-benzylhydroxylamine; O-phenylhydroxylamine;
0-(2,3,4,5,6-pentafluorcbenzyl)hydroxylamine;
O-(4~nitrobenzyl)hydroxylamine; Z—aminooxypyridine;
Z-aminooxymethylpyridine; 4-[(aminooxyacetyl)amino]lbenzoic
acid methyl ester; 4-[{(aminooxyacetyl)aminolbenzoic acid
ethyl ester; and 4-[{aminooxyacetyl)aminolbenzoic acid

n-butyl ester.

10. The method for preparing a sample as set forth in claim 7,
in which said substance B comprises a moiety consisting of at
least one of an arginine residue, a tryptophan residue, a

phenylalanine residue, a tyrosine residue, a cysteine residue
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and a derivative thereof.

11. The method for preparing a sample as set forth in claim 7,
in which said substance B has a structure represented by the
following formula (7),

(Formula 7)
O
Ha i 9 H Q
HﬂkO-C-—C—NH—?H—C—N—?HWC"{%"R
CHa CHz

z

|
“ CH»
HN NH

wherein, in the structural formula, R represents -CH; or ~CDs.

12. A method for preparing a sample in which a hydrazone bond
is dissociated and a sugar chain and/or a sugar derivative is
released by treating a substance A having a structure
represented by the following formula (4) or {5) under acidic
conditions to which the sugar chain and/or the sugar derivative
is bonded,

{Formula 4)

Rs R4
\  H; \  Hz
/c-—c /ch —
R4 Ry
\NH \c o2
HQN R5
_ dm L in




103

wherein, in the formula, R; and R; represent a hydrocarbon

chain having 1 to 20 carbon atoms which may be interrupted with

—O- ;

_S_’

-NH-, -CO- or -CONH-; Rs3, Rs and Rs represent H, CH;

or a hydrocarbon chain having 2 to 5 carbon atoms; and m and

n represent the number of monomer units,

(Formuia 5)
H.C H,C
\ H \ H
C—C c—cC
. o
NH O
/ /
HQQ\ Hj%
/CHQ /CHQ
Q\ C{
,CHQ C=0
HoC, / H,
O cC—cC
H-C \
SH2 CHy
HN\
i I _
H,C n
CH:
O:Q\
NH
HoN
11
wherein, in the formula,

monomer units.

m and n represent the number of

13. An analytical sample prepared by the method for preparing

a sample as set forth in any cone of claims 1 to 12.

14.

A method for preparing a substance A represented by the
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following formula (4), in which a polymer particle containing
carboxylic acid ester is obtained by polymerizing a monomer
having a structure of the following formula {10) in the presence
of a crosslinking agent, and then the polymer particle
containing carboxylic acid ester is treated with a hydrazine
solution of a concentration of not less than 10 volume
percentage,

(Formula 4)

Rs R4
\ H; \  Hg
C—C C—C
/ /
Ry Ry
>NH \c: &
HzN R{
- dm L |n

wherein, in the formula, R, and R, represent a hydrocarbon
chain having 1 to 20 carbon atoms which may be interrupted with
-0-, -5-, -NH~-, -CO- or -CONH-; R3, Rs and Rs represent H, CH;
or a hydrocarbon chain having 2 to 5 carbon atoms; and m and
n represent the number of monomer units,

{Formula 10)

R, O

R’ o

wherein, in the formula, R:; represents a hydrocarbon chain

having 1 to 20 carbon atoms which may be interrupted with -0-,
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-5-, =NH-, -CO- or =CONH~; and R; represents H, CH; or a

hydrocarbon chain having 2 to 5 carbon atoms.

15. A method for preparing a substance A represented by the
following formula (5}, in which a polymer particle containing
carboxylic acid ester is obtained by polymerizing a monomer
having a structure of the following formula (11) in the presence
of a crosslinking agent, and then the polymer particle
containing carboxylic acid ester is treated with a hydrazine
sclution of a concentration of not less than 10 volume
percentage,

{Formula 5)

HsC H,C
\ H2 \ H2
— C—C Cm G e
o o
NH o)
HaC H,C
CH, CH,
o o
AY \
CH2 c=0
H,C, / Ha
S c—C
HC, \
“H2 CHs
HN
C=0 N .
HoC
CH,
o=C
NH
HoN
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wherein, in the formula, m and n represent the number of
monomer units.

{(Formula 11)

O
H
44J\\W/$L\v//\\o//\\\//O\\///\\N O\\
H
O



