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7) ABSTRACT

A versatile linker compound has a structure represented by
following general formula (1), wherein Y has a structure
represented by O or NH, and X has a structure serving as a
multi-branched moiety including four hydrocarbon deriva-
tive chains each of which has an aromatic amino group at an
end thereof, and may or may not have a carbon-nitrogen
bond in a backbone thereof. With the versatile linker com-
pound, sugar molecules can be two-dimensionally arranged
on a surface of a protein-analyzing supporter with high
reproducibility. Also, a ligand includes the versatile linker
compound and a sugar molecule introduced thereinto.
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MULTIPURPOSE LINKER COMPOUNDS AND
LIGANDS AND PROCESS FOR PRODUCING THE
SAME

TECHNICAL FIELD

[0001] The present invention relates to a versatile linker
compound used to introduce a sugar suitably and effectively
when using a sugar in chip technology, chromatography, a
bioprobe, and the like. The present invention also relates to
a ligand which includes the versatile linker compound and a
sugar introduced thereinto, a ligand carrier, and producing
methods of such ligands and ligand carriers.

BACKGROUND ART

[0002] Various intravital saccharides, interacting with a
specific protein, play an important role in a mechanism for
sustaining activities and lives of living organisms. There-
fore, the study of an interaction between a sugar and a
protein is important in terms of examining a biological
activity of a sugar.

[0003] A protein which interacts with a sugar is detected
for example by the following method. That is, the surface
plasmon resonance (hereinafter referred to as SPR) method,
with a sensor chip which has a sugar on a surface thereof,
can be used to examine biochemical bonding of the sugar
with a protein. Also, immobilization of a sugar onto an
affinity chromatography carrier makes it possible to separate
and purify a protein which specifically interacts with the
sugar. Furthermore, the use of a sugar as a bioprobe used in
genetic engineering makes it possible to detect a protein
which interacts with the sugar.

[0004] As disclosed in “Tentative Lecture Proceedings II
in the 79th Spring Meeting, Chemical Society of Japan, Mar.
15, 2001, p. 1042,” the inventors have so far found a linker
compound capable of taking in various oligosaccharides in
one step into a protein-analyzing supporter (e.g., the SPR
sensor chip and the affinity chromatography carrier) for
immobilization. The inventors have also found a ligand
which includes the linker compound and an oligosaccharide
introduced thereinto.

[0005] The linker compound has an aromatic amine moi-
ety and a biotin moiety. The aromatic amine moiety is used
for introducing an oligosaccharide; the biotin moiety is used
for immobilizing the oligosaccharide onto a protein-analyz-
ing supporter by utilizing the biotin-streptoavidin (or avidin)
bond. Therefore, the linker compound makes it possible to
immobilize an oligosaccharide onto a protein-analyzing
supporter.

[0006] Meanwhile, a single oligosaccharic molecule is not
active enough. Therefore, it is usually necessary to collect
and introduce three or more units of oligosaccharides onto
the protein-analyzing supporter when evaluating a biologi-
cal activity of an oligosaccharide. Accordingly, when the
linker compound is used to immobilize an oligosaccharide
onto the supporter, three or more units of oligosaccharides
must be collected by collecting on a surface of the supporter
a ligand which includes the linker compound and a sugar
introduced thereinto.

[0007] It is to be noted that Japanese Laid-Open Publica-
tion No. 080488/2002 (Tokukai 2002-080488; published on
Mar. 19, 2002) discloses a collecting method of a sugar
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chain, and a synthesis method of a linker for the sugar
chains. Also, Japanese Laid-Open Publication No. 83969/
2003 (Tokukai 2003-83969; published on Mar. 19, 2003)
discloses an immobilizing method of a sugar chain, and a
synthesis method of a linker and a sugar chain ligand
thereof. Also, “H. Mach, D. B. Volkin, C. J. Burke, C. R.
Middaugh, R. J. Linhardt, J. R. Fromm, D. Loganathan,
Biochemistry, 32, 5480-5489 (1993)” discloses analyzing an
interaction between a sugar chain immobilized on a chip and
a protein, with the use of the surface plasmon resonance
method. Also, “Eric K. Wollker and Marry J. Cloninger, Org.
Lett., 4, 7-10 (2000)” discloses an effect of a molecule which
includes collected sugar chains. Also, “K. Matuura, H.
Kitakouji, A. Tsuchida, N. Sawada, H. Ishida, M. Kiso and
K. Kobayashi, J. Am. Chem. Soc., 122, 7406-7407 (2000)”
and “S. Koshida, Y. Suda, Y. Fukui, J. Orms by, M. Sobel,
S. Kusumoto, Tetrahedron Lett., 40, 5725-5728 (1999)”
discloses a collecting method of sugar chains. Also, “D. H.
Tomalia, H. Barker and J. Roeck, Polymer. Jornal., 17,
117-132 (1985)” and “Christof Worner and Rolf Mulha upt,
Angew. Chem. Int. Ed. Engl., 32, 1306-1311 (1993)” dis-
closes a synthesizing method of a versatile linker molecule.

[0008] The use of a ligand which includes the conven-
tional linker compound makes it possible to collect and
arrange sugar chains of an oligosaccharide two-dimension-
ally on a surface of a sensor chip. However, there is a
technical problem left in that it is difficult to control a
collected state of the sugar chains so that the sugar chains
can be arranged with high reproducibility.

[0009] That is, in order to precisely observe a biological
activity of the oligosaccharide by using an oligosaccharide
immobilized on a surface of a protein-analyzing supporter,
it is necessary to observe with high reproducibility an
interaction between the oligosaccharide and a protein, with
the sugar chains of the oligosaccharide collected uniformly.
However, when the conventional ligand is used, a collected
state of sugar chains of three or more units of oligosaccha-
rides becomes dependent on a collected state of the ligand.
In this case, the same collected state may not always be
obtained for the sugar chains of three or more units of
oligosaccharides. When the sugar chains of the oligosaccha-
rides are collected differently, the interaction between the
oligosaccharides and proteins will be observed differently.
As a result, it becomes difficult to evaluate biological
activities of oligosaccharides with high reproducibility.

[0010] The present invention was made to solve the above
problems. It is an object of the present invention to provide
a novel versatile linker compound with which sugars can be
two-dimensionally arranged on a surface of a protein-ana-
lyzing supporter with high reproducibility. The present
invention also provides a novel ligand which includes the
linker compound and a sugar molecule introduced thereinto,
a ligand carrier, and a producing method thereof. The
present invention further provides a method for measure-
ment of an interaction between a sugar molecule and other
substances with the use thereof.

DISCLOSURE OF INVENTION

[0011] The inventors diligently studied to solve the above
problems. As a result, the inventors found a novel versatile
linker compound which has four aromatic amino groups
serving as a moiety capable of taking in four or more units
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of sugar molecules. The novel versatile linker compound
also has a biotin moiety or an iminobiotin moiety serving as
a moiety capable of forming a bond with a protein-analyzing
supporter used to detect and separate a protein which
specifically interacts with a sugar molecule. The inventors
also found that the novel versatile linker compound can be
used to arrange four or more units of sugar molecules
two-dimensionally on the supporter with high reproducibil-
ity, thereby completing the present invention.

[0012] That is, in order to solve the above problems, a
versatile linker compound (hereinafter referred to as a linker
compound) has a structure represented by following general
formula (1), where Y has a structure represented by O or NH,
and

[0013] X has a structure serving as a multi-branched
structure moiety including four hydrocarbon derivative
chains, wherein the hydrocarbon derivative chains each
include an aromatic amino group at an end thereof, and
may or may not include a carbon-nitrogen bond in a
backbone thereof.

@

HN NH

X
.
Y\/\\\ S

(0]

[0014] Each of the hydrocarbon derivative chains is a
hydrocarbon chain, consisting of carbon and hydrogen, part
of whose carbon and hydrogen may be replaced with another
atom and a substituent. That is, the hydrocarbon derivative
chain is a hydrocarbon chain, having an aromatic amino
group at an end thereof, part of whose carbon-carbon bond
(C—C bond), serving as a backbone structure of the hydro-
carbon chain, may be replaced with a carbon-nitrogen bond
(C—N bond), a carbon-oxygen bond (C—O bond), and an
amide bond (CO—NH bond).

[0015] According to the above arrangement, the linker
compound has a biotin moiety serving as a moiety immo-
bilizable onto the protein-analyzing supporter. The biotin
moiety exhibits a high affinity for streptoavidin or avidin
(hereinafter referred to as avidin). Therefore, since a biotin-
avidin bond is formed on a surface of a supporter which
includes avidin immobilized thereon, the linker compound
can be easily immobilized onto the surface of the supporter.

[0016] Further, the linker compound has an aromatic
amino group serving as a moiety capable of easily taking in
various sugar molecules. Since the aromatic amino group is
included in each hydrocarbon derivative chain, four or more
units of sugar molecules can be introduced into the linker
compound. Also, since a sugar molecule so introduced is
introduced in one linker compound, four or more units of
sugar molecules so introduced can be kept at a predeter-
mined interval. This makes it possible to obtain with high
reproducibility an arrangement of a sugar molecule intro-
duced onto a protein-analyzing supporter.

[0017] Moreover, the use of the linker compound makes it
possible to collect four or more units of sugar molecules on

Jan. 19, 2006

the surface of the supporter and therefore arrange a sugar
molecule with high reproducibility, thereby making it pos-
sible to obtain a sufficient biological activity of a sugar
molecule. This makes it possible to detect an interaction
between a sugar molecule and a protein and evaluate a
biological activity of a sugar molecule with high reproduc-
ibility.

[0018] In a linker compound represented by general for-
mula (1), it is preferable that X have a structure represented
by following general formula (2), wherein m!, m?,n, 0%, p?,
p>, p°, and p* are independently an integer of 1 to 6.

@

H,N
O O
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N
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(CHZ)p 1\ H
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[0019] Since X of the linker compound has the four
hydrocarbon derivative chains, the linker compound makes
it possible to introduce four or more units of sugar molecules
onto the supporter. Therefore, the use of the linker com-
pound makes it possible to control an interval between sugar
molecules introduced on the surface of the supporter so as to
collect the sugar molecules, thereby making it possible to
obtain an arrangement of the sugar molecules on the surface
of the supporter with high reproducibility.

[0020] Therefore, the use of the linker compound makes it
possible to obtain a biological activity of a sugar molecule
with high reproducibility. This makes it possible to suitably
detect a specific interaction between various sugar mol-
ecules and a protein by using SPR and affinity chromatog-
raphy, which utilize the biological activities of the sugar
molecules, a bioprobe, and the like.

[0021] Further, in order to solve the above problems, a
ligand of the present invention includes the aromatic amino
group of any one of the linker compounds and a sugar
molecule introduced into the aromatic amino group.

[0022] Specifically, it is preferable the ligand have a
structure represented by following general formula (3),
wherein m*, m?, n', %, p*, p?, p>, and p* are independently
an integer of 1 to 6.
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where Y has a structure represented by O or NH, and R*, R?,
R?, and R* independently has a structure represented by

OH

OH
H— or {OH

OH

and RS, R7, R®, R®, and R° have a structure selected from
the group consisting of

OH OH
o o o—
HO— OH OH
* OH O0—°" on
OH OH

[0023] Alternatively, it is preferable that the ligand have a
structure represented by following general formula (4),
wherein Y has a structure represented by O or NH, and m?,
m?, n?, 0%, p*, p?, p>, and p* are independently an integer of
lto6.
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[0024] The use of any one of the ligands makes it possible
to immobilize four (in case of a ligand having a structure
represented by general formula (4)) or more (in case of a
ligand having a structure represented by the general formula
(3)) units of sugar molecules onto the surface of the protein-
analyzing supporter. Also, since one ligand has four or more
units of sugar molecules, the ligand can not only collect four
or more units of sugar molecules two-dimensionally on the
surface of the supporter but also arrange them with high
reproducibility. Therefore, the use of the ligand makes it
possible to effectively detect a specific interaction between
various sugar molecules and a protein by SPR, affinity
chromatography, a bioprobe, and the like.

[0025] Further, in order to solve the above problems, a
producing method of a linker compound of the present
invention includes the steps of: carrying out a condensation
reaction between a biotin-containing compound and an
amine compound including four branched chains each hav-
ing an aromatic amino group end protected by a protecting
group; and deprotecting the protecting group at the aromatic
amino group end.

[0026] The biotin-containing compound is activated by
the introduction of a substituent into a biotin structure or an
iminobiotin structure so as to be able to react with a
secondary amino group of an amine compound.

[0027] The above method makes it possible to obtain a
linker compound of the present invention which has a biotin
moiety and an aromatic amino group. The biotin moiety can
be immobilized to a protein-analyzing supporter which
includes avidin immobilized thereon. The aromatic amino
group can easily introduce a sugar molecule.

[0028] Further, a producing method of a ligand of the
present invention includes the step of carrying out a reduc-
tive amination reaction by using any one of the linker
compounds and a sugar molecule.

[0029] The above method causes a reductive amination
reaction to easily introduce a sugar molecule into a linker
compound, thereby making it possible to obtain a ligand of
the present invention.

[0030] Further, a sugar molecule introducing method of
the present invention includes the step of causing a solution
containing any one of the ligands to come into contact with
a supporter including streptoavidin or avidin immobilized on
a surface thereof.

[0031] The above method binds a biotin moiety or an
iminobiotin moiety of the ligand (linker compound included
in the ligand) to streptoavidin or avidin on the surface of the
supporter so as to immobilize the ligand onto the surface of
the supporter. Therefore, a sugar molecule binding to a
linker compound can be arranged on a surface of a supporter
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by a simple method of causing a solution including a ligand
to come into contact with a supporter.

[0032] Further, a ligand carrier of the present invention
includes any one of the ligands immobilized on a surface of
a supporter through a biotin-avidin bond formed between a
biotin moiety or iminobiotin moiety and streptoavidin or
avidin.

[0033] Since the above arrangement makes it possible to
immobilize a ligand firmly onto a surface of a supporter
through a biotin-avidin bond, i.e., a bonding of a biotin
moiety or an iminobiotin moiety to streptoavidin or avidin,
the above arrangement makes it possible to provide a ligand
carrier which includes a plurality of sugar molecules
arranged two-dimensionally on a surface of a supporter with
high reproducibility. Therefore, the use of the ligand carrier
makes it possible to observe with high reproducibility an
interaction between the sugar molecules included in the
ligand and substances such as proteins, thereby making it
possible to quantitatively evaluate biological activities of the
sugar molecules.

[0034] Further, a method for a measurement of surface
plasmon resonance of the present invention detects an
interaction of a sugar molecule by using a sensor chip which
includes a supporter and a sugar molecule immobilized on a
surface thereof, the method using at least two sensor chips
including sugar molecules which have different end struc-
tures, the at least two sensor chips including: a first sensor
chip, which has a first sugar molecule, immobilized on a
surface of a supporter;

[0035] and a second sensor chip, which has a second
sugar molecule whose end structure is different from
that of the first sugar molecule, immobilized on a
surface of a supporter, wherein the method includes the
step of measuring a difference between a detection
result yielded by using the first sensor chip and a
detection result yielded by using the second sensor
chip.
[0036] Further, the method for a measurement of surface
plasmon resonance of the present invention is a method for
a measurement of surface plasmon resonance, wherein a
linker compound of a structure is used to immobilize the
sugar molecules on the sensor chips.

[0037] With the above method, a surface plasmon reso-
nance (SPR) is measured using at least two sensor chips
having a ligand of the same structure except a sugar mol-
ecule, a difference between interactions of the at least two
sensor chips can be observed as resulting from the sugar
molecule. Therefore, the use of the above method for a
measurement reduces a nonspecific interaction between part
except the sugar molecule and another substance, thereby
making it possible to observe a specific interaction between
the sugar molecule and the substance.

[0038] For a fuller understanding of the nature and advan-
tages of the invention, reference should be made to the
ensuing detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
[0039] FIG. 1 is a perspective view showing a step of
producing an avidin-immobilized sensor chip for surface

plasmon resonance (SPR) for introducing a ligand of the
present invention.
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[0040] FIG.?2 is a perspective view of a ligand-introduced
chip according to the present invention, wherein (a) repre-
sents a case in which there is no interaction with a protein,
(b) represents a case in which there is an interaction with a
protein.

[0041] FIG. 3 is a schematic diagram showing a “2-chan-
nel analyzing method” used for an SPR measurement of a
ligand of the present invention.

[0042] FIG. 4 is a graph showing a result of an SPR
measurement in a step of obtaining a ligand carrier of the
present invention.

[0043] FIG. 5 is a graph showing a result of an SPR
measurement showing an interaction between a ligand (Mal-
Bio) of the present invention and a ligand (Ace-Mal) of
Comparative Example.

[0044] FIG. 6 is a graph showing a result of an SPR
measurement showing an interaction between a ligand 5.3-
Mal and 8-Glc of the present invention and concanavalin A.

[0045] FIG. 7 is a diagram showing a step of making an
affinity column which has a ligand carrier of the present
invention.

[0046] FIG. 8 is a diagram showing procedures for affinity
chromatography.

[0047] FIG.9is a diagram showing a result of SDS-PAGE
for a bonding of 4-Mal with a protein.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0048] In the following, the present invention will be
described in detail. However, the present invention is not to
be limited by the following description.

[0049] A versatile linker compound of the present inven-
tion (hereinafter referred to as a linker compound) is used for
suitably introducing a sugar molecule into a protein-analyz-
ing supporter in order to detect and separate a protein which
specifically interacts with a sugar molecule. For example,
the linker compound is used for SPR and affinity chroma-
tography, which utilizes a biological activity of a sugar
(hereinafter referred to as a sugar molecule) such as an
oligosaccharide, and a bioprobe in genetic engineering.
Further, since the linker compound does not have a nonspe-
cific interaction with a protein, the linker compound can be
used suitably for detection and separation of a protein as
noted above.

[0050] That is, a linker compound of the present invention,
as specifically shown in general formula (1), has a biotin
moiety or an iminobiotin moiety (hereinafter collectively
referred to as a biotin moiety) serving as a moiety immo-
bilizable onto the protein-analyzing supporter, and an aro-
matic amino group serving as a moiety capable of taking in
a sugar molecule.

[0051] Biotin or iminobiotin (hereinafter collectively
referred to as biotin) is known to specifically interact with
streptoavidin or avidin (hereinafter collectively referred to
as avidin), which is a basic glycoprotein. Therefore, when
the linker compound having a biotin moiety is brought into
contact with a surface of a supporter having avidin immo-
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bilized thereon, a biotin-avidin bond is formed, thereby
easily immobilizing the linker compound onto the surface of
the supporter.

[0052] Further, the linker compound, having a structure
represented by X in following general formula (1), has a
multi-branched moiety including four hydrocarbon deriva-
tive chains each of which have an aromatic amino group at
an end thereof and may have a carbon-nitrogen bond in a
backbone thereof. The amino group (—NH, group) of the
aromatic amino group included in the multi-branched moi-
ety reacts with an aldehyde group (—CHO group) or a
ketone group (—CR'O group, R' meaning a hydrocarbon
group) produced by an equilibration within a sugar mol-
ecule, thereby forming a Schiff base. A continuous reduction
of the Schiff base causes the sugar molecule to be introduced
into the aromatic amino group. Since X has four aromatic
amino group ends, the linker compound, as described later,
can take in four or more units of sugar molecules.

[0053] As specifically shown in general formula (2), X has
two double-branched structures each formed by two hydro-
carbon derivative chains bonding to a nitrogen atom (N) at
the opposite end of the aromatic amino groups. The nitrogen
atoms of the two double-branched structure bond to a single
nitrogen atom (N) through the —CO— (CH,),,— group
(where m is an integer of 1 to 6) to form a multi-branched
structure. It is to be noted, in general formula (2), that m" and
m? are not limited provided that they are an integer of 1 to
6. The integers represented by m* and m* may be mutually
different or the same. Above all, in view of ease of produc-
tion, it is preferable that m' to m* be mutually the same
integer, 2 in particular. Further, n' and n* are not limited
provided that they are an integer of 1 to 6. The integers
represented by n' and n* may be mutually different or the
same. Above all, in view of ease of production, it is
preferable that n® and n* be mutually the same integer, 2 in
particular. Further, p* to p* are not limited provided that they
are an integer of 1 to 6. The integers represented by p* to p*
may be mutually different, or may be the same either partly
or completely. Above all, in view of ease of production of a
compound having the multi-branched moiety, it is preferable
that p* to p* be mutually the same integer, 2 in particular.

[0054] Thus, X has a structure serving as a multi-branched
moiety which causes an atom such as carbon and nitrogen to
bind the plurality of hydrocarbon derivative chains so as to
form a branched structure. It is to be noted that although it
is preferable that the plurality of hydrocarbon derivative
chains included in X be all the same, they may have different
structures so long as they have an aromatic amino group at
an end thereof.

[0055] As described above, a linker compound having a
structure represented by general formula (1) has a biotin
moiety and an aromatic amino group end. Therefore, the
linker compound makes it possible to easily and firmly bond
a sugar molecule to the surface of the protein-analyzing
supporter.

[0056] Further, the linker compound has a multi-branched
moiety and aromatic amino groups at an end thereof. There-
fore, with a ligand (to be mentioned later) which includes the
linker compound and a sugar molecule introduced thereinto,
four or more units of sugar molecules can be effectively
collected on the surface of the supporter. Also, since four or
more units of sugar molecules can be introduced into a
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single linker compound, a plurality of sugar molecules can
be arranged with high reproducibility when the ligand is
bound with a surface of a supporter.

[0057] Moreover, since the linker compound is hardly
affected by a nonspecific interaction with a protein, the use
of a linker compound of the present invention makes it
possible to evaluate biological activities of sugar molecules
with high reproducibility.

[0058] The linker compound is produced by a producing
method described below. That is, the linker compound is
produced by causing a condensation reaction of a biotin-
containing compound with an amine compound including
four branched chains each having an aromatic amino group
end protected by a protecting group, and then by deprotect-
ing the protecting group of the aromatic amino group end.

[0059] The biotin-containing compound is for example a
compound which has a structure represented by following
general formula (5). The biotin-containing compound is an
ester compound which has a pentafluorophenyl group (Pfp)
or a succinimide group (Su). Therefore, the biotin-contain-
ing compound, activated by these substituents, can react
with a secondary amino group (—NH group) of an amino
compound.

where Y has a structure represented by O or NH, and R® has
a structure represented by

group (Pfp) or

group (Su).

[0060] Further, the amino compound is not particularly
limited if it includes a secondary amino group, and a
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branched chain which has an aromatic amino group end
protected by a protecting group. The amino compound only
needs to have a structure equivalent to the multi-branched
moiety (X in general formula (1)) of the linker compound.

[0061] Therefore, the branched chain only needs to have a
structure included in the hydrocarbon derivative chain
except that the branched chain has the aromatic amino group
end protected by a protecting group, instead of the aromatic
amino group included in the hydrocarbon derivative chain.
That is, the branched chain may be modified so that part of
the carbon or hydrogen atoms in the hydrocarbon chain
consisting of carbon and hydrogen atoms is replaced with
other atoms or substituents. More specifically, the branched
chain, having an aromatic amino group end protected by a
protecting group, may be modified so that part of the
carbon-carbon bonds constituting the backbone structure of
the hydrocarbon chain is replaced with a carbon-nitrogen
bond (C—N bond), a carbon-oxygen bond (C—O bond), or
an amide bond (CO—NH bond).

[0062] Further, the protecting group is a substituent which
is introduced to prevent an amino group of the aromatic
amino group from undergoing the condensation reaction.
Such a protecting group is not particularly limited provided
that it is not affected when deprotecting a protecting group
for a secondary amino group. The protecting group is for
example a t-butoxycarbonyl group (—COOC(CH,); group;
referred to as a Boc group), a benzyl group, or an arylcar-
bamate group (—COOCH,CH=CH,, Alloc group).

[0063] The amine compound is for example a compound
which has a structure represented by following general
formula (6). It is to be noted that a synthesis method of the
amine compound will be described in detail in Examples to
be mentioned later.

©)

["BocHN
o)
H
N
H
N/\/ N\n/\// NH
0
H
N
0
| _BocHN 1,
[0064] In the condensation reaction of the biotin-contain-

ing compound with the amine compound, a substituent such
as Pfp or Su of the biotin-containing compound condenses
with the secondary amino group to form an amide bond.
Thereafter, a protecting group of the aromatic amino group
end is deprotected and removed to free the aromatic amino
group, thereby obtaining the linker compound.

[0065] Described in the following is a ligand which
includes an aromatic amino group of the linker compound
and a sugar molecule introduced thereinto. In a ligand of the
present invention, a sugar molecule is introduced into the
aromatic amino group. This is due to a continuous reduction
of the Schiff base formed by the reaction of the amino group
of the linker compound with the aldehyde group or ketone
group produced by an equilibration within the sugar mol-
ecule.
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[0066] The sugar molecule included in the ligand of the
present invention is not particularly limited provided that it
is a reducing sugar. The sugar molecule is for example a
monosaccharide, an oligosaccharide, or a polysaccharide.
The monosaccharide is for example a glucose, galactose, or
mannose. The oligosaccharide is for example a maltose,
lactose or a sulfated oligosaccharide to be mentioned later,
having two to ten sugar molecules bonding to one another.
The polysaccharide is for example a heparin, chondroitin
sulfate, or heparan sulfate, having 11 or more sugar mol-
ecules including monosaccharides and oligosaccharides.

[0067] Further, the oligosaccharide is for example a sul-
fated oligosaccharide which has a specific partial disaccharic
structure (G1cNS6S-IdoA2S), represented by following
general formula (7), which is contained in sulfated polysac-
charic heparin known for having an anticoagulant activity.

M
CH,0S803"

@] @]
OH COO”
\ OH
0 O
NHSO5 OSSOy

Another example is an oligosaccharide having a structure
represented by following general formula (8), which is the
sulfated oligosaccharide having incorporated a glucose at
the reducing end.

®
OSO;Na 0
o] o] o
COzNa OH
OH on OH
MeO o HO

NHSO3Na OSO3Na OH
[0068] 1t is to be noted that the oligosaccharide and the
polysaccharide may be a homooligosaccharide or

homopolysaccharide consisting of a single monosaccharide,
or a complex carbohydrate consisting of different monosac-
charides or derivatives thereof, or a conjugated polysaccha-
ride including various monosaccharides or derivatives
thereof, and oligosaccharides. Further, the sugar may be
natural sugar obtained through isolation and purification
from nature, or artificially synthesized sugar.

[0069] Specifically, a ligand of the present invention has a
structure represented by general formula (3). The ligand
having a structure represented by general formula (3) is
obtained by adding a glucose, maltose, or lactose, serving as
a sugar molecule, into a linker compound represented by
general formula (1), where X has a structure represented by
general formula (2). Since X represented by general formula
(2) has a structure which includes four hydrocarbon deriva-
tive chains, one or two units of sugar molecules can be
introduced into the aromatic amino group of each hydrocar-
bon derivative chain. Therefore, a ligand which has a
structure represented by general formula (3) includes the
linker compound and four to eight units of sugar molecules
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bound therewith. It is to be noted, in general formula (3), that
m' and m?, like m"' and m? in general formula (2), are not
limited provided that they are an integer of 1 to 6. The
integers represented by m' and m* may be mutually different
or the same. Further, n' and n?, like n' and n” in general
formula (2), are not limited provided that they are an integer
of 1 to 6. The integers represented by n' and n® may be
mutually different or the same. Further, p* to p*, like p* to p*
in general formula (2), are not limited provided that they are
an integer of 1 to 6. The integers represented by p* to p* may
be mutually different, or may be the same either partly or
completely.

[0070] The sugar molecule to be introduced into the
aromatic amino group of the hydrocarbon derivative chain
of the linker compound is for example at least one sugar
molecule selected from the group consisting of glucose,
maltose, and lactose. Therefore, the ligand which has the
structure represented by general formula (3) includes the
linker compound and four to eight units of sugar molecules
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selected from the group consisting of glucose, maltose, and
lactose depending on a structure of R” to R'° in general
formula (3).

[0071] 1t is to be noted that the sugar molecules to be
introduced into the respective aromatic amino groups of the
hydrocarbon derivative chains of the linker compound may
be mutually different or may be the same either partly or
completely. However, in view of ease of introduction of the
sugar molecules, it is preferable that the sugar molecules be
all the same. Therefore, when m*, m?, n*, n?, p*, p>, p>, and
p* are all 2 and four units of sugar molecules are introduced
into the linker compound, a ligand represented by following
general formula (16) is preferable for glucose. Similarly, a
ligand represented by general formula (17) is preferable
when the sugar molecules are maltose, and a ligand repre-
sented by general formula (18) is preferable when the sugar
molecules are lactose.

(16)

OH
OH
Y
o)
OH - HN NH
OH N
H
/\/ N LN oW
N .
S
o) o)
oH q
OH o)
OH
OH
— —2
17
[ OH OH ]
0 OH
Y
OH OH NH
0 o)
HO - HN NH
OH OH N
H
O N N o
S
o) o)
OH OH q
o OH o)
OH OH N
HO o
| OH OH
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-continued
(18)
[ OH OH ]
HO o O oH
Y
OH OH NH
o)
- HN NH
OH OH N
H
N/\/N N o
S
o) o)
OH OH q
HO o o oH o)
OH OH N
| OH OH

In general formulae (16) to (18), Y has a structure repre-
sented by O or NH.

[0072] Further, another ligand of the present invention has
a structure represented by general formula (4). The ligand of
the structure represented by general formula (4) is obtained
by introducing a sugar molecule of a structure represented
by general formula (8) to a linker compound represented by
general formula (1), where X has a structure represented by
general formula (2). Since X represented by general formula
(2) has a structure which includes four hydrocarbon deriva-
tive chains, the ligand which has the structure represented by
general formula (4) includes the linker compound and four
units of sugar molecules bound therewith. It is to be noted,
in general formula (4), that m* and m>, like m' and m* in
general formula (2), are not limited provided that they are an
integer of 1 to 6. The integers represented by m* and m* may
be mutually different or the same. Further, n* and n?, like n*
and n® in general formula (2), are not limited provided that
they are an integer of 1 to 6. The integers represented by n'
and n® may be mutually different or the same. Further, p* to
p*, like p' to p* in general formula (2), are not limited
provided that they are an integer of 1 to 6. The integers
represented by p* to p* may be mutually different, or may be
the same either partly or completely.

[0073] Since the ligands include the linker compound and
the sugar molecule introduced thereinto, the biotin moiety in
the linker compound can bind to a protein-analyzing sup-
porter including avidin by forming a biotin-avidin bond.
This provides a ligand carrier including four units of sugar
molecules collected and immobilized on the surface of the
supporter through the biotin-avidin bond. With the ligand, a
plurality of sugar molecules can be arranged for example on
a surface of a protein-analyzing supporter with high repro-
ducibility to obtain a ligand carrier. The use of the ligand
carrier makes it possible to evaluate biological activities of
the sugar molecules with high reproducibility. Therefore, the
ligands of the present invention can be suitably used for
easily introducing various sugar molecules in SPR, affinity
chromatography, a bioprobe, and the like.

[0074] Thus, the present invention also includes a ligand
carrier including the ligand of the present invention immo-
bilized on a surface of a supporter through a biotin-avidin
bond. The applicable field of the ligand carrier is not limited
to the protein analysis. For example, the ligand carrier can
be used for analyzing substances other than a protein so as
to examine an interaction with sugar molecules.

[0075] The ligand can be introduced onto the surface of
the protein-analyzing supporter by immersing, for a prede-
termined time period, an avidin-immobilized protein-ana-
lyzing supporter in a ligand solution containing the ligand,
or by injecting the ligand solution into the supporter. The
resultant ligand carrier has four or more units of sugar
molecules collected and immobilized on the surface of the
supporter.

[0076] For example, a sensor chip having avidin immo-
bilized thereon is produced before obtaining a ligand carrier
including the ligand-introduced thereinto. That is, as shown
in FIG. 1(a), a glass substrate 1 whose surface is coated with
gold (Au) is used. Then, as shown in FIG. 1(b), a gold-sulfur
bond (Au—sS bond) is utilized to immobilize, onto the glass
substrate 1, 4-thiobutyric acid which has a structure repre-
sented by following general formula (9). It is to be noted that
a substrate coated with a polymer having a carboxyl group
may be used instead of the substrate 1 having 4-thiobutyric
acid immobilized thereon.

HOOCCH,CH,CH,SH ©)

[0077] Subsequently, as shown in FIG. 1(c), 4-thiobutyric
acid immobilized on the glass substrate 1 is brought into
reaction with N-hydroxysuccinimide in the presence of a
carbodiimide reagent. Thereafter, an N-hydroxysuccinimide
moiety and an end amino group of avidin 2 are condensed
so as to immobilize the avidin 2 onto the glass substrate 1 as
shown in FIG. 1(d). This makes it possible to obtain a sensor
chip which includes the avidin immobilized onto the glass
substrate 1.

[0078] Then, the sensor chip is brought into contact with
a ligand solution including a ligand of the present invention.
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Specifically, the sensor chip is immersed in the ligand
solution, or the ligand solution is flown onto a surface of the
sensor chip. This makes it possible to obtain a ligand carrier
4 which includes a ligand 3 immobilized onto the sensor
chip, as shown in FIG. 2(a), through a biotin-avidin bond
known as a specific interaction.

[0079] TItis to be noted that although a solvent used for the
ligand solution is not particularly limited, a buffer solution
such as a PBS (phosphate buffer solution) can be for
example used. In case of immersion in the ligand solution,
the duration of immersion only needs to be about 0.5 to 1.5
hours. In case of injection of the ligand solution, the amount
of injection only needs to be 0.006 to 0.06 mg.

[0080] As described above, if the ligand carrier 4 includ-
ing the ligand 3 immobilized thereon is used to bring the
ligand carrier into contact with a protein 5 (FIG. 2(b)) so as
to measure a resonant angle with a surface plasmon reso-
nance apparatus in the usual manner, the binding behavior of
the ligand carrier with the protein 5 can be observed. It is to
be noted that glass, plastic, or the like can be used to form
a sensor chip used for an SPR measurement. Particularly,
glass is suitably used. Further, a ligand carrier can be
brought into contact with a protein by flowing a solution
including a running buffer and a protein dissolved therein
onto a surface of the ligand carrier, or by immersing the
ligand carrier in the solution including the running buffer
solution and the protein dissolved therein. The running
buffer is for example a buffer solution such as a PBS.

[0081] Further, a column including avidin immobilized
thereto is produced before obtaining a ligand carrier includ-
ing the ligand introduced therein as an affinity column used
for affinity chromatography. The column can be produced in
the usual manner (e.g., cf. Ligand Coupling Handbook,
Amersham Pharmacia Biotech Co., Ltd. ed. (2002)). For
example, by flowing a solution containing avidin into a
column filled with a carrier suitable to immobilizing a
compound having an amino group (e.g., a column filled with
a gel carrier including N-hydroxysuccinimide immobilized
thereon), avidin can be immobilized onto the carrier. A
ligand solution containing the ligand of the present invention
is injected into the carrier including avidin immobilized
thereon (hereinafter referred to as an avidin adduct). This
makes it possible to obtain a ligand carrier which includes
the avidin adduct and a ligand immobilized thereon through
a biotin-avidin bond known as a specific interaction.

[0082] It is to be noted that a solvent used for the solution
containing avidin is for example an aqueous solution of
sodium acetate containing sodium chloride. Also, a solvent
used for the ligand solution is for example a buffer solution
such as a PBS.

[0083] Since the ligand of the present invention thus has a
biotin moiety, the ligand carrier of the present invention can
be obtained by taking in a sugar molecule with one step onto
a surface of a protein-analyzing supporter for immobiliza-
tion.

[0084] An affinity column having a ligand carrier which
includes a ligand immobilized thereon as described above
can be used to carry out affinity chromatography in a manner
described below. That is, a protein solution is flown into an
affinity column filled with a carrier (avidin adduct) including
avidin immobilized thereon so as to perform affinity chro-
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matography in the usual manner, thereby making it possible
to separate a protein which binds to a ligand carrier from a
protein which does not bind. It is to be noted that a solvent
used for the protein solution is for example a buffer solution
such as a PBS. Also, an eluting solution used for eluting a
protein, which does not bind to a ligand carrier, from an
affinity column is for example a buffer solution such as a
PBS.

[0085] 1t is to be noted that the present invention also
includes a method for introduction of a sugar molecule into
a sensor chip of the SPR method and into a supporter such
as an avidin adduct filled with an affinity column used for
affinity column chromatography as described above.

[0086] As described above, since the ligand carrier of the
present invention has the ligand, a plurality of sugar mol-
ecules can be arranged two-dimensionally on a surface of a
supporter with high reproducibility. This makes it possible to
observe a biological activity of a sugar molecule with high
reproducibility, thereby making it possible to reveal a struc-
ture of a sugar molecule and quantitatively evaluate a
biological activity of a sugar molecule.

[0087] Further, the present invention also includes an SPR
measurement method for detecting a specific interaction of
a sugar molecule by using a sensor chip including a sugar
molecule immobilized on a surface of a supporter. With this
method, an interaction between a sugar molecule and a
substance such as a protein is observed by using at least two
sensor chips including sugar molecules which have different
end structures. It is to be noted that the end of a sugar
molecule means the side not immobilized onto a sensor chip.
Also, a substance whose interaction with a sugar molecule
is observed is not limited to a protein.

[0088] An SPR measurement can be conducted as follows
by using two sensor chips with different sugar molecules
according to the above method. A first sugar molecule,
immobilized on a surface of a supporter; and a second sensor
chip, which has a second sugar molecule whose end struc-
ture is different from that of the first sugar molecule,
immobilized on a surface of a supporter, are produced. The
sensor chips can be obtained in the same manner as a ligand
carrier (sensor chip) including a ligand immobilized on a
sensor chip is produced. The sensor chips only need to be
formed of ligands having different sugar molecules immo-
bilized thereon. Sugar molecules to be compared with each
other are for example lactose and glucose, maltose and
glucose, and kojibiose and glucose. A ligand, in which the
sugar molecules immobilized on the sensor chips are dif-
ferent, is for example a ligand shown in general formula (16)
to (18). It is to be noted that not only a ligand of the present
invention but also another ligand may be used.

[0089] For example, a protein which specifically interacts
with the first sugar molecule is used to act on the two sensor
chips under constant measurement conditions so as to
observe resonant angles of the two sensor chips. By detect-
ing a difference in resonance angle between the two sensor
chips, a specific interaction between a sugar molecule and a
protein or the like can be measured.

[0090] In the above arrangement, two kinds of sensor
chips are simultaneously measured. However, this is not for
limitation. More than two sensor chips may be measured and
do not need to be measured simultaneously. Also, at least
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one sensor chip not including a sugar molecule introduced
thereon may be used. For example, a sensor chip including
only a linker compound immobilized thereon may be used.

[0091] Thus, the SPR measurement method of the present
invention, suppressing a nonspecific interaction, makes it
possible to measure a specific interaction of a sugar mol-
ecule with another object.

[0092] In the following, the present invention will be
described further in detail according to Examples and Com-
parative Examples. It is to be noted, however, that they are
not for limitation of the present invention.

[0093] TItis to be noted, in the following examples, that the
following instruments were used for a measurement of
various types of spectrum, a measurement of optical rota-
tion, and an electrophoresis.

[0094] Nuclear Magnetic Resonance (NMR) Spectrum:
JEOL EX 270, INM-LA 500 NMR spectrometer (prod-
uct name).

[0095] Mass spectrometry: Mariner™ Biospectrom-
etry™ Workstation (product name, ESI-TOF MS, PE
Biosystems, CA, USA) VOYAGER-DERP (product
name, MALDI-TOF MS, PE Biosystems, CA, USA).

[0096] Optical rotation: Perkin Elmer model 241 pola-
rimeter (product name).

[0097] Ultraviolet visible spectrum photometer:
JASCO V-530 UV/Vis spectrophotometer (product
name).

0098] Surface plasmon resonance biosensor: SPR670
p
(product name, Nippon Laser & Electronics LAB).

[0099] Electrophoresis apparatus: ATTO  Com-
pactPAGE AE-7300 (product name).

[0100] Ready-made gel for an electrophoresis: ATTO
PAGEL-Compact AE-6000 (12.5%) Lot: 244S024
(product name).

[0101] Also, the following silica gels were used for chro-
matography.

[0102] Thin layer chromatography: Merck Silica gel 60
F254 (No. 5715) (product name).

[0103] Preparative thin layer chromatography: Merck
Silica gel 60 F254 (No. 5744) (product name).

[0104] Medium-pressure column chromatography:
Merck Silica gel 60 (No. 9385, 0.040-0.063 mm, 230-
400 mesh) (product name).

EXAMPLE 1

Synthesis of a Linker Compound

[0105] A linker compound of the present invention was
synthesized according to the following procedure. As shown
in following general formula (10), benzylamine (Compound
1, Bn represents a benzyl group in the formula) was brought
into reaction with methyl acrylate (6 equiv.) in methanol (in
the formula, MeOH) at room temperature. Two units of
methyl acrylate were added by Michael addition to the
benzylamine to obtain Compound 2 at the yield of 93%.
Thereafter, a large excess (50 equiv.) of ethylenediamine
was added into methanol containing Compound 2 at room
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temperature. The ethylenediamine was condensed with
Compound 2 to obtain Compound 3. It is to be noted that a
large excess (50 equiv.) of ethylenediamine is added in order
to prevent Compound 2 from condensing simultaneously
with two amino groups of ethylenediamine.

(10)

(@)
BN, 4>—0Me
1

(6eq)

MeOH, 1.t

MeO NBn
NH,
HZN/\/

(¢} (50 eq)

MeOH, r.t

H
N NB:
N /\/ n

[0106] Compound 2 was obtained by the following pro-
cedure. A methanol solution (143 mL) of benzylamine (4.7
mL, 44.6 mmol) was mixed with methyl acrylate (8.52 mL,
104 mmol), stirred for 8 hours under nitrogen atmosphere at
room temperature, further mixed with methyl acrylate (3.87
mL, 47 mmol), and stirred at room temperature for 12 hours.
Thereafter, the stirred solution was further mixed with
methyl acrylate (7047 mL, 94 mmol) and stirred overnight
to obtain a reaction solution of methanol and methyl acry-
late. The methanol/methyl acrylate reaction solution was
concentrated under reduced pressure to obtain a residue. The
residue was purified by medium-pressure silica gel chroma-
tography (300 g, toluene:ethyl acetate=5:1 to 3:1) to obtain
a colorless oily solution serving as Compound 2.

[0107] Compound 2 was obtained at the yield of 11.7 g
(95%). Also, 'H NMR (400 MHz, CD,0D) measurement
was conducted on Compound 2 so obtained to find that
§7.28-7.20 (5H, m, aromatic), 84.79 (6H, s, OMe*x2), 83.57
(2H, d, J=4.6 Hz, NCH,*Ph), 82.76 (4H, td, J =46,
J.;.=6.8 Hz, CH,*NBn), 82.46 (4H, td, I, =4.6, ] ;.=6.8
Hz, COCH,*CH,NBn). It is to be noted that each chemical
shift d indicates a measured value corresponding to a proton
having a plurality of Hs marked with *, i.e., H*. The same
applies to the following description. An ESI-MS (positive)
measurement (time-of-flight mass spectrometer measure-
ment) was conducted to find that the m/z (mass/charge) was
302.1 [((M+Na)+].

[0108] Subsequently, as shown in following general for-
mula (11), methanol containing Compound 3 was mixed
with methyl acrylate (11 equiv.) at room temperature. Four
units of methyl acrylate were added to Compound 3 to
obtain Compound 4 at the yield of 81%. Thereafter, under
alkaline conditions with an aqueous solution of 2 M sodium
hydroxide added to methanol, methyl ester of Compound 4
was hydrolyzed to obtain Compound 5, which has four units
of carboxyl groups (—COOH group) at an end thereof, at
the yield of 96%.



US 2006/0014220 Al

an
0

4>— OMe
H [E—

/\/ N NBn
HN (11 eq)
MeOH 1.t
© 2
3
— o —
MeO‘<_\
H 2M NaOH a
NB: q
N/\/ N\"/\// . in MeOH
0]
MeO
L o -2
4
— o —
HO
/\/g |- NBo
N W(\/
O
HO
O

wn

[0109] Compound 4 was obtained by the following pro-
cedure. Methanol (120 mL) containing Compound 2 (9.97 g,
35.7 mmol) dissolved therein was stirred for 5 minutes at 0°
C. under nitrogen atmosphere, mixed with ethylenediamine
anhydride (60 mL, 1.11 mol), stirred for 50 minutes at 0° C.,
stirred overnight at room temperature, further mixed with
ethylenediamine anhydride (50 mL, 0.93 mol), and stirred
overnight at room temperature to obtain a reaction solution
of Compound 2 and ethylenediamine anhydride. The Com-
pound 2/ethylenediamine anhydride reaction solution was
concentrated to obtain a yellow oily residue. The yellow oily
residue was dissolved in methanol (120 mL), mixed with
methyl acrylate (19.3 mL, 234 mmol), stirred overnight at
room temperature, further mixed with methyl acrylate (19.3
mL, 234 mmol), and stirred overnight at room temperature
to obtain a reaction solution of yellow oily residue and
methyl acrylate. The yellow oily residue/methyl acrylate
reaction solution was concentrated under reduced pressure
to obtain a residue. The residue was purified by medium-
pressure silica gel chromatography (700 g, chloroform-
:methanol=20:1 to 7:1) to obtain a yellow oily solution
serving as Compound 4.

[0110] Compound 4 was obtained at the yield of 24.5 g
(81%). Also, '"H NMR (400 MHz, CD,0D) measurement
was conducted on Compound 4 so obtained to find that
87.29-7.28 (5H, m, aromatic H), 83.66 (12H, s, OMe*x4),
83.27 (4H, q, J=6.1 Hz, CH,*NHCO), 82.81 (4H, t, J=6.8
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Hz, CH,*NBn), 82.75 (8H, t, CH,x4, J=6.8 Hz,
CH,*NCH,), 82.52 (4H, t, CH,x2, J=5.9, 6.1 Hz,
CH,*CH,NHCO), 32.41 (12H, t, CH,x(2+4), J=6.8, 6.6 Hz,
NCOCH,*CH,NHCO, MeOCOCH,*). Also, an ESI-MS
(positive) measurement was conducted to find that the m/z
was 680.4 [(M+H)*].

[0111] Compound 5 was obtained by the following pro-
cedure. Compound 4 (1.0 mg, 1.47 mmol) was dissolved in
methanol (7.4 mL). An aqueous solution of 4 M sodium
hydroxide was added to the mixture and stirred for 2 hours
at 0° C. under argon atmosphere to obtain a reaction solution
of Compound 4 and sodium hydroxide. The Compound
4/sodium hydroxide reaction solution was mixed with 4 M
hydrochloric acid (7 mL), confirmed to be at pH 3 with pH
test paper, concentrated under reduced pressure to obtain a
residual aqueous solution. The residual aqueous solution
was freeze-dried to obtain a freeze-dried residue. The
obtained freeze-dried residue was purified with HP-20 (300
mL, H,O to H,O:methanol=1:1 to methanol). A fraction
eluted with H,O/methanol was collected and concentrated
under reduced pressure. Thereafter, the residue which had
been concentrated under reduce pressure was freeze-dried to
obtain a light yellow crystal serving as Compound 5.

[0112] Compound 5 was obtained at the yield of 878 mg
(96%). Also, 'H NMR (400 MHz, CD,0D) measurement
was conducted on Compound 5 so obtained to find that
§7.54-7.38 (5H, m, aromatic H), §3.60 (2H, s, NCH,*Ph),
83.58 (2H, 1, J=6.1 Hz, CH,*NHCO), 53.34-3.24 (16H, m,
CILx8, CIL*NBn, MeOCOCH,CH,*N,
NCH,CH,*NHCO), 82.79 (4H, t, CH,x2, J=7.0 Hz,
COCIL,*CH,NBn), 32.60 (8H, t, CH,x4, J=6.4 Hz, MeO-
COCH,*). An ESI-MS (positive) measurement was con-
ducted to find that the m/z was 624.3 [(M+H)").

[0113] It is to be noted, in the present example, that
Compound 5 includes four units of carboxyl groups synthe-
sized thereinto. However, if necessary, it is possible to easily
synthesize a scaffold structure which has 8, 16, and 32 units
of carboxyl groups at an end thereof. This is done by
continuing a reaction which condenses ethylenediamine
again and adds methyl acrylate without hydrolyzing methyl
ester of Compound 4.

[0114] Subsequently, as shown in the following formula
(12), in N, N-dimethyl formamide (DMF), containing 1-hy-
droxybenzotriazole (in the formula, HOBt; 5 equiv.) and
diisopropyl ethylamine (in the formula, DIPEA); 10 equiv.),
under temperature change from 0° C. to 40° C. o{7-
azabenzotriazole-1-y1]-N,N,N',N'-tetramethyluranium
hexafluorophosphate (in the formula, HATU) was used as an
activator to condense a phenylenediamine derivative (Com-
pound 6, 5 equiv.) including one amino group protected by
a t-butoxycarbonyl group (Boc in the formula, hereinafter
referred to as a Boc group) with a carboxyl group at an end
of Compound 5, thereby obtaining Compound 7 at the yield
of 57%. Subsequently, palladium (10% Pd—C) was used to
perform a catalytic reduction of Compound 7 in methanol at
50° C. under hydrogen atmosphere so as to deprotect a
benzyl group serving as a protecting group of a secondary
amino group of Compound 7, thereby obtaining Compound
8 at the yield of 80%.
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[0115] Compound 6 was obtained by the following pro-
cedure. In Methanol (240 mL), m-phenylenediamine (7.81
g, 72.2 mmol) was dissolved. To the mixture, di-t-butoxy-
carbonate (16.5 mL, 71.8 mmol) and triethylamine (10 mL,
71.5 mmol) were added. The mixture was stirred for 30
minutes at 0° C. in a shade under argon atmosphere and then
stirred overnight at room temperature to obtain an m-phe-
nylenediamine reaction solution. The m-phenylenediamine
reaction solution was concentrated under reduced pressure
to obtain a residue. The residue was purified by medium-
pressure silica gel chromatography (500 g, chloroform-
:methanol=10:1 to 7:1) to obtain a yellowish white crystal
serving as Compound 6.

4<O_\ N
N/\/w(\
‘<O_/

H
N/\/Nﬁ(\/NH

DMF, 0° C.—40° C.

NBn 10% pd—cC
H, (balloon)
—_—

MeOH
50°C.

[0116] Compound 6 was obtained at the yield of 13.3 g
(88%). Also, a "H NMR (400 MHz, CDCl,) was conducted
on Compound 6 so obtained to find that $7.03 (1H, dd,
J=7.8, 8.1 Hz, aromatic H, 86.54 (1H, d, J=8.1 Hz, aromatic
H), 86.36 (1H, t, J=7.8 Hz, aromatic H), 3.67 (2H, s, NH,),
81.51 (9H, m, CH;x3 of BOC). An ESI-MS (positive) was
conducted to find that the m/z was 209.1 [(M+H)*].

[0117] Compound 7 was obtained by the following pro-
cedure. Compound 5 (54.8 mg, 87.9 umol) and 1-hydroxy-
benzotriazole (66.4 mg, 492 umol) were dissolved in anhy-
drous dimethyl formamide (0.9 mL) under nitrogen
atmosphere and stirred for 15 minutes at 0° C. to obtain a
reaction solution of Compound 5 and 1-hydroxybenzotria-
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zole. The Compound 5/1-hydroxybenzotriazole reaction
solution was mixed with HATU (168 mg, 441 pmol) and
diisopropyl ethylamine (150 mL, 882 umol) and Compound
6 (98.2 mg, 471 umol), stirred overnight at room tempera-
ture, and stirred for 5 hours at 50° C. to obtain a reaction
solution of Compound 5 and Compound 6. The Compound
5/Compound 6 reaction solution was concentrated under
reduced pressure to obtain a residue. The residue was
purified by medium-pressure silica gel chromatography (80
g, chloroform:methanol=15:1 to 5:1) to obtain a white
crystal serving as Compound 7.

[0118] Compound 7 was obtained at the yield of 69.2 mg
(57%). Also, "H NMR (400 MHz, CDCl,) was conducted on
Compound 7 so obtained to find that 67.39 (4H, s, 1Hx4,
aromatic H), 87.39-6.53 (21H, m, aromatic H), 63.63 (2H, s,
NCH,*Ph), 3.15 (4H, d, CH,x2, J=6.2 Hz, CH,*NHCO),
82.76 (8H, t, CH,x4, J=6.2 Hz, MeOCOCH,CH, *N), 52.49
(8H, t, CH,x4, J=6.2 Hz, MeOCOCH,*CH,N), 62.45 (4H,
t, CH,x2, J=6.4 Hz, CH,*NBn), 62.38 (4H, t, CH,x2, ]=6.6
Hz, NCH,CH,*NHCO), 82.03 (4H, t, CH,x2, J=6.4 Hz,
NHCOCH,*CH,NBn), 5148 (36H, s, CH,x12, Me of
BOCQ). An ESI-MS (positive) was conducted to find that the
m/z was 693.3[(M+2H)**].

[0119] Compound 8 was obtained by the following pro-
cedure. Compound 7 (49.8 mg, 36.0 umol) was mixed with
a methanol slurry of 10% Pd—C (70.2 mg) and stirred
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overnight at room temperature under hydrogen atmosphere
to obtain a Compound 7 reaction solution. The Compound
7 reaction solution was filtered with a membrane filter to
obtain a filtrate. The filtrate was concentrated under reduced
pressure to obtain a white crystal serving as Compound 8.

[0120] Compound 8 was obtained at the yield of 36.8 mg
(80%). Also, "H NMR (400 MHz, CD,CD) was conducted
on Compound 8 so obtained to find that §7.64 (4H, s, 1Hx4,
aromatic H), 87.05-6.91 (12H, m, aromatic H), 83.40 (4H, t,
CH,x2, J=5.4 Hz, CH,*NHCO), 63.19 (8H, br, CH,x4,
MeOCOCH,CH,*N), ~ 82.98  (4H, br, CH,x2,
NCH,CH,*NHCO), 52.89 (4H, t, CH,x2, J=5.6 Hz,
CH,CIL*NH), 82.71-2.70 (4H, br, CH,x2, J=5.6 Hz,
MeOCOCH,*CH,N), 8236 (4H, t, CH,x2, J=5.4 Hz,
NHCOCH,*CH,NBn), 51.39 (36H, s, CH,x12, Me of
BOCQ). An ESI-MS (positive) measurement was conducted
to find that the m/z was 647.9[(M+2H)**].

[0121] Next, as shown in following general formula (13),
biotin activated by a pentafluorophenyl group (Pfp) was
condensed with an amino group, deprotected to be free, of
Compound 8 in DMF in the presence of triethylamine (in the
formula, TEA) at 50° C. to obtain Compound 9 at the yield
of 63%. Thereafter, Compound 9 was deprotected of a Boc
group in CH,Cl, containing trifluoroacetic acid (in the
formula, TFA) at 0° C. to obtain Compound 10 serving as a
linker compound of the present invention.

13

[ BocHN ]
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[0122] Compound 9 was obtained by the following pro-
cedure. Biotin (80.1 mg, 0.397 mmol) and dicyclohexylcar-
bodiimide (80.8 mg, 0.39 mmol) were dissolved in anhy-
drous dimethyl formamide (1 mL) under argon atmosphere,
stirred for 4 hours at 50° C., mixed with pentafluorophenol
(120 mg, 0.65 mmol), and stirred overnight at 50° C. to
obtain a biotin reaction solution. The biotin reaction solution
was mixed with Compound 8 (70.6 mg, 54.5 mmol) and
triethylamine (60 uL, 0.811 mmol) and stirred overnight at
50° C. to obtain a Compound 8 reaction solution. The
Compound 8 reaction solution was concentrated under
reduced pressure to obtain a residue. The residue was
dissolved in 100 ml of ethyl acetate and washed with a
saturated aqueous solution of sodium chloride (50 mLx3) to
obtain an organic phase. The organic phase was mixed with
sodium sulfate and dried. The drying agent was filtered out
from the dried residue to obtain a filtrate. The filtrate was
concentrated under reduced pressure to obtain a residue. The
residue was purified by medium-pressure silica gel chroma-
tography (25 g, chlotoform:methanol=10:1 to 5:1) to obtain
a white crystal serving as Compound 9.

[0123] Compound 9 was obtained with a 52.3 mg (63%).
Also, 'TH NMR (400 MHz, CD;0D) measurement was
conducted on Compound 9 so obtained to find that 87.61
(2H, s, aromatic H), 87.57 (2H, s, aromatic H), 87.06-6.95
(12H, m, aromatic), 64.31 (1H, dd, J5,,5s=4.3, J5;/5:=0.6
Hz, Biotin NHCH*CIHLS), 84.09 (1H, dd, Jys/p,=4.5, Jgs,
57=6.6 Hz, Biotin NHCH*CHS), 83.35 (4H, t, CH,x2, J=6.8
Hz, CH,CH,*NCH,CH,CONHPh), §3.19-3.17 (4H, m,
CH,x2, NCH,*CH,CONHCH,CH,), 52.98-2.93 (1H, m,
Tgams=+5 Hz, Biotin NHCHCH*S), 52.78-2.72 (9H, m,
CH+CH,x4, Ty mee=10 Hz, Jyo =43 Hz, Biotin
NHCHCH,*S, NCH,*CH,CONHPh), 52.53-2.50 (4H, br,
CH,x2, CH,*CH,NCH,CI,CONHPh), 52.44-2.40 (9H, m,
CH+CH,x4, Jyue=10 Hz, Biotin NHCHCH,*S,
NCH,CH,CONHPh), 82.20 (2H, t, J5,5,,=7.6 Hz, Biotin
CH,CH,CH,CH,*CO), 52.16 (4H, t, CH,x2, J=6.8 Hz,
CH,CH,*N CH,CH,CONHPh), 51.55-1.51 (4H, br, CH,x
2, Biotin CH,*CH,CH,*CH,CO), 81.40 (36H, s, CH,x12,
Me of BOC), 5128124 (2H, m, CH,x1, Biotin
CH,CH,*CH,CH,CO). An ESI-MS (positive) measurement
was conducted to find that the m/z was 761.4[(M+2H)**].

[0124] Compound 10 was obtained by the following pro-
cedure. Compound 9 (52.3 mg, 34.4 umol) was dissolved in
dichloromethane (1.5 mL), mixed with trifluoroacetic acid

(1 mL), and stirred for 1 hour at 0° C. to obtain a reaction
solution of Compound 9 and trifluoroacetic acid. The Com-
pound 9/trifluoroacetic acid solution was concentrated under
reduced pressure to obtain a residue. The residue was
purified using LH20 (140 mL, elution by methanol) to obtain
a yellow crystal serving as Compound 10.

[0125] Compound 10 was obtained at the yield of 50.9 mg
(94%). Also, 'H NMR (400 MHz, CD,0D) measurement
was conducted on Compound 10 so obtained to find that
87.51 (4H, s, aromatic H), 7.21 (8H, s; aromatic H), 36.83-
6.81 (4H, m, aromatic H), 84.32 (1H, dd, J,5e=4.3, T,
B3=8.0 Hz, Biotin NHCH*CH,S), 84.14 (1H, dd, Jg3/5.,=
4.4, J531,=8.0 Hz, Biotin NHCH*CHS), 83.59-3.52 (12H,
m, CH,x6, NCH, *CH,CONHPh,
CH,*CH,NCH,CH,CONHPh), 83.47-3.37 (4H, m, CH,x2,
CONCH *CH CONH) 83.35-3.33 (4H, m,
CH,CH,*NCH,CH,CONHPh), 33.02 (1H, dt, Jg, po=4.9
Hz, Blotm NHCHCH*S) 82.92-2.89 (8H, m, CH,x4,
NCH,CH,*CONHPh), 62.79 (1H, dd, J_,=12.8, J;.=5.0

s Yvic

Hz, Biotin NHCHCH,*S), 82.58 (1H, d, J,=12.8 Hz,
Biotin NHCHCH,*S), 8237 (2H, 1, J=70 Hz,
CONCH,CH,*CONH), 8231 (2H, t, J=7.1 Hz,

CONCI,CH,*CONH), 8221 (2H, t, CH,xl, Biotin
COCH,*CH,CH,CH,), 81.48-1.19 (6H, br, CH,x3, Biotin
COCH,CH,*CH,*CH,*). An ESI-MS (positive) measure-
ment was conducted to find that the m/z was 1142.6 [(M+
Na)**]. It was also found that [a],**=+0.947 (c 0.972,
MeOH).

[0126] Compound 10 so obtained proved to be ESI-MS
(positive) m/z=1120.62 uM+H]* and have a structure rep-
resented by general formula (13) as Compound 10. NMR
data obtained from an NMR measurement also showed that
Compound 10 has a structure represented as Compound 10.

EXAMPLE 2

Synthesis of a Ligand

[0127] The linker compound (Compound 10) obtained in
Example 1 was used to synthesize a ligand having a structure
represented by general formula (3) according to the follow-
ing procedure.

[0128] Asshown in following general formula (14), Com-
pound 10 was mixed with maltose (9 equiv.) in water:acetic
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acid (AcOH):methanol=12:1:15 (5% acetic acid solution, room temperature so as to cause a reductive amination
pH 4) serving as a solvent and stirred for 5 days. Thereafter, reaction, thereby obtaining a compound. The compound so
after confirmation of the formation of four units of Schiff obtained was purified with HP-20 (DIAION®) to obtain
bases by a time-of-flight mass spectrometer, the resulting Compound 11 at the yield of 89%. Compound 11 was

solution was mixed with NaBH;CN (20 equiv.) serving as a obtained in the form of a mixture including 5 to 7 units of
reducing agent separately twice and stirred for 4 days at maltose collected.
14
0
—HN -

OH

OH (9+9eq)r.t, 1.5 days
O O
) OH OH
2) NaBH3CN (20 + 20 eq), r.t, 4 days
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where R', R, R?, and R* independently have a structure EXAMPLE 3
represented by

Synthesis of a Ligand

[0129] The linker compound (Compound 10) obtained in
Example 2 was used to synthesize a ligand having a structure
represented by general formula (5) according to the follow-
ing procedure.

OH OH

H— or

OH 0 [0130] Asshown in following general formula (15), Com-
pound 12 was produced in the same procedure except that a
sugar molecule represented by general formula (8) was used

instead of maltose.

OH OH

s

—HN _
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2 N o OH OH
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[0131] Compound 12 was obtained by the following pro-
cedure. Linker Compound 10 (2.4 mg, 2.1 ymol) and a sugar
molecule (GIcNS6S-IdoA2S-Gle and substantially 11.0 mg,
12.8 umol) represented by the general formula (8) were
dissolved in a mixed solvent (water/acetic acid/methanol=
12/1/15, 0.4 mL) and stirred for 2 days at room temperature
to obtain a reaction solution of Linker Compound 10 and
GlcNS6S-IdoA2S-Gle. The Linker Compound
10/G1eNS6S-IdoA2 S-Glc reaction solution was mixed with
sodium cyanoborohydridesodium cyanoborohydride
(approx. 3 mg, 40 umol), stirred for 2 days at room tem-
perature, mixed again with sodium cyanoborohydride
(approx. 2 mg, 40 umol), and stirred overnight at room
temperature for reduction. The Linker Compound
10/G1eNS6S-IdoA2S-Gle reaction solution so reduced was
concentrated under reduced pressure to obtain a residue. The
residue was purified with SephadexG-50 fine [100 mL
eluate: 0.85 M aqueous solution of sodium chloride+PBS
(1/1 vol.) mixed solution], and a fraction found having UV
absorption at 254 nm was collected and concentrated to
obtain a residue. The residue was freeze-dried. The freeze-
dried residue fraction so obtained was desalted with HP-20
(60 mL), and a fraction eluted by water/methanol=1/1 was
collected, concentrated, and freeze-dried. The freeze-dried
fraction so obtained was desalted again with SephadexG-10
(20 mL), and a fraction found having UV absorption at 254
nm was collected, concentrated, and freeze-dried to obtain a
white crystal serving as Compound 12.

[0132] Compound 12 was obtained at the yield of 4.99 mg
(42%). Also, "H NMR (500 MHz, D,0) was conducted on
Compound 12 so obtained to find that 87.14-7.12 (4H, br,
aromatic H), 86.91-6.59 (12H, br, aromatic H), 85.36-5.34
(4H, br, H-1"), 85.12 (4H, br, H-1"), 84.51 (4H+1H, d, ]=2.6
Hz, H-5', Biotin NHCH*CH,S), 84.29 (4Hx2, d, J,.,,=9.3
Hz, H-6"b, H-2), 64.19 (4Hx3, d, J,,,=9.3 Hz, H-6"a, H-3),
Biotin NHCH*CHS), 34.05 (4H, d, J=2.5 Hz, H-4"), 54.00-
3.93 (4Hx3, m, H-5", H-1b, H-6b), 83.86-3.85 (4H, m, H-5),
53.78-3.72 (4H, m, H-4), 83.70 (4H, t, H-3"), 83.67-3.59
(4Hx2, m, H-3, H-6b), 33.56-3.52 (4H, br, Link
PhNHCOCH,CH,NCH,CH,*), 8342 (4H, t, J=6.6 Hz,
Link COCH,CH,*NCO), §3.36-3.30 (4Hx2+8H, m, H-2,
H-4", Link PANHCOCH, ;,*N), 83.25 (4H, dd, J=10.3,
33 Hz, H2"), 33.18-305 (1Hx2, br, H-la, Biotin
NHCHCH*S),  $2.93-290  (4H,  br,  Link
PhNHCOCH,CH,NCH,*CH,), 52.89 (1H, br, Biotin

NHCHCH,*S), 8282 (4H, t, J=6.6 Hz, Link
COCH,*CH,NCO), §2.72-270 (1H, br, Biotin
NHCHCH,*S), 8258 (8H, t, J=6.6 Hz, Link
PhNHCOCH,*CH,N), 8205 (2H, br, Biotin

COCH,*CH,CH,CH,), 1.53 (2H, t, J=7.6 Hz, Biotin
COCH,CH,CH,CH,*), 31.30 (2H, t, J=6.9 Hz, Biotin
COCH,CH,*CH,CH,), 1.17 (2H, t, J=7.1 Hz, Biotin
COCH,CH,CH,*CH,).

[0133] Thus, an NMR measurement was conducted at 500
MHz in deuterium oxide (D,0) to identify the subject
(Compound 12). A collecting rate of a sugar molecule was
calculated from the intensity ratio of a first proton of an
iduronic acid moiety of NMR to an aromatic proton (based
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on 16H) in a linker structure. It was estimated from their
intensity ratio of 4.1:16 that 4.1 molecules of GIcNS6S-
IdoA2S-Glc are collected on the average. The molecular
weight (Mw) of a compound having n molecules of
GIeNS6S-IdoA2S-Gle collected therein is represented by
Formula © by using a molecular weight of 1120.4 of
Compound 10 and a molecular weight increase of 840.97 at
the time of one molecule of GlcNS6S-IdoA2S-Glc being
collected.

Mw=1120.44840.97n

(Formula @)

[0134] n=4.1 was substituted in Formula @ to obtain a
molecular weight of 4568.4, from which a yield was calcu-
lated to be 42% as described above.

EXAMPLE 4

Synthesis of a Ligand

[0135] As for Compound 10 (hereinafter referred to as
Biotin Linker 10) serving as the linker compound obtained
in Example 1, a ligand was synthesized in order to conduct
an SPR measurement on an interaction with a lectin due to
a difference in the collecting rate of a sugar molecule.

[0136] (4-1 Synthesis of a Ligand with Indefinite Units of
Sugar Molecules)

[0137] Biotin Linker 10 was used to collect a sugar
molecule to obtain a ligand. Since Biotin Linker 10 is
soluble in methanol but insoluble in water, a mixed solvent
of water, acetic acid, and methanol was used as a reductive
amination reaction solvent for collecting a sugar molecule to
cause a reaction at pH4.

[0138] First, glucose was selected as a sugar molecule to
be collected in Biotin Linker 10. Next, a ligand represented
by following general formula (19) was synthesized accord-
ing to the following procedure.

[0139] As shown in following general formula (19), 8
equiv. of glucose (2 equiv. per 1-amino group, 8.0 mg, 44
umol) was used in respect to Biotin Linker 10 obtained in
Example 1. Both of them were dissolved in the mixed
solvent and stirred overnight at room temperature to obtain
a reaction solution of Biotin Linker 10 and glucose. The
reaction was tracked by an ESI-MS measurement. A small
amount of the Biotin Linker 10/glucose reaction solution
under reaction was diluted with methanol to obtain a sample.
The sample was measured to confirm the formation of a
Schiff base. It was found as a result that the Biotin Linker 10
at this stage predominantly had free amino groups, the
generation rate of the Schiff base was low. Accordingly,
glucose was added sequentially to the Biotin Linker 10/glu-
cose reaction solution to finally cause glucose (28 equiv.) to
react, thereby finding that as a result of the ESI-MS mea-
surement, Biotin Linker 10 exists in the form of a Schiff
base. It is to be noted that it is not that all four amino residues
became a Schiff base, but that there existed a compound in
which only three, two, or one amino residue(s) became a
Schiff base.
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[0140] At this stage, sodium cyanoborohydride was added
as a reducing agent to the Biotin Linker 10/glucose reaction
solution to reduce the Schiff base. After the reduction
reaction, the Biotin Linker 10/glucose solution so reduced
was purified with HP-20 (product name) to obtain Com-
pound 16 as a ligand of the present invention.

[0141] An ESI-MS measurement was conducted on Com-
pound 16 so obtained to find that a compound including
seven or eight molecules of glucose collected therein had
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been synthesized. This is because glucose further reacted
with a secondary amino group resulting from the reduction
of the Schiff base due to the addition of a large excess of
glucose. A result of the ESI-MS measurement showed that
Compound 16 is a ligand mixture having seven or eight units
(molecules) of glucose. It is to be noted that Compound 16
was obtained at the yield of 42%, supposing that the
compound is an aggregate of eight molecules. Compound 16
is hereinafter abbreviated to 8-Gle.
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[0142] Compound 16 was obtained by the following pro- COCH,*CH,CH,CH,), 82.00 (4H, br, Link
cedure. Biotin Linker 10 (6.0 mg, 5.4 umol) and glucose (8.0 NHCOCH,CH,*NCO), 8132 (4H, br, Biotin
mg, and 44 wmol) were dissolved in a mixed solvent COCH,CH,*CH,CH,*), 01.17-1.16 (2H, br, Biotin

(water/acetic acid/methanol=6/1/15, 0.4 umol), stirred over-
night at room temperature, further mixed with glucose (10
mg, 55 umol), mixed again with glucose (10 mg, 55 umol)
after 6 hours, and stirred overnight to obtain a Biotin Linker
10/glucose reaction solution. The Biotin Linker 10/glucose
reaction solution was mixed with sodium cyanoborohydride
(10 mg, 160 mmol) and stirred overnight at room tempera-
ture for a reduction reaction. The Biotin Linker 10/glucose
reaction solution so reduced was concentrated under reduced
pressure to obtain a residue. The residue was purified with
HP-20 (70 mL), and a fraction eluted with water/methanol=
1/1 was collected, concentrated, and freeze-dried to obtain a
white crystal serving as Compound 16.

[0143] Compound 16 was obtained at the yield of 5.1 mg
(42%, calculated as 8 substitution products). Also, 'H NMR
(400 MHz, D,0) measurement was conducted on Com-
pound 16 so obtained to find that 86.92 (4H, d, J=7.6 Hz,
aromatic H), 86.73 (4H, s, aromatic H), 86.50-6.45 (8H, br,
aromatic H), 84.30-4.27 (1H, m, Biotin NHCH*CH,S),
54.05-4.02 (1H, br, Biotin NHCH*CHS), 53.95-3.91 (81,
m, H-2), 83.76-3.71 (8H, m, H-5), 83.65-3.59 (8Hx2, m,
H-3, H-6b), 83.58-3.45 (8Hx3, m, H-6'a, H-4', H-1'b),

83.25 (8H, dd, J,.,,=15.0, 1.;,=9.6 Hz, H-1'a), 83.19-3.16
(8H,  br, Link  CH,*CH,NCH,CH,CONHPh,
NHCOCH,CH,*NCO), $2.96-2.86 (1H, m, Biotin

NHCHCH*S), $2.72-2.68 (9H, br, CH,x4+1H, Link
NCH,*CH,NHCOPh, Biotin NHCHCH,*S), $2.54-2.49
(5H, br, CH,x2+1H, Link CH,*NCH,CH,NHCOPh, Biotin
NHCHCH,*S), 8241 (8H, br, CH,x4, Link
NHCOCH,CH,*NCO), 8207 (2H, br, Biotin

COCH,CH,*CH,CH,). Also, an ESI-MS (positive) mea-
surement was conducted to find that the m/z was 1217.5
[(M8+2H)**], 1135.0 [(M7+2H)**]. It is to be noted that M7
is the molecular weight of a ligand having seven glucose
molecules, and M8 is the molecular weight of a ligand
having eight glucose molecules.

[0144] Next, maltose was collected in Biotin Linker 10 to
obtain a ligand.

[0145] Biotin Linker 10 obtained in Example 1 was used
to synthesize a ligand having a structure represented by
general formula (14) according to the following procedure.

[0146] As shown in general formula (14), Compound 11
was obtained as a ligand of the present invention by the same
procedure as in Example 2 except that an equivalent of
maltose (first 9 equiv. and then 9 equiv.) was used.

[0147] The collecting rate of maltose in Compound 11 so
obtained was calculated from the intensity ratio of a maltose
nonreducing end first proton to an aromatic proton (based on
16H) in a linker. It was estimated from their intensity ratio
of 5.3:16 that 5.3 maltose molecules are collected on the
average. The molecular weight (Mw) of a compound having
n maltose molecules collected therein is represented by
Formula @ by using a molecular weight of 1120.4 of
Compound 10 and a molecular weight increase of 326.3 at
the time of one maltose molecule being collected.

Mw=1120.4+326.3n (Formula (1))

[0148] n=5.3 is substituted in Formula @ to obtain a
molecular weight of 2849.8, from which the yield of Com-
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pound 11 was calculated to be 88%. Compound 11 is
hereinafter abbreviated to 5.3-Mal.

[0149] Compound 11 was obtained by the following pro-
cedure. Biotin Linker 10 (3.2 mg, 2.9 mmol) and maltose
(9.4 mg, 26 umol) were dissolved in a mixed solvent
(water/acetic acid/methanol=6/1/15, 0.2 mL), stirred for 8
hours at room temperature, further mixed with maltose (9.3
mg, 26 umol), and stirred overnight at room temperature to
obtain a reaction solution of Biotin Linker 10 and maltose.
The Biotin Linker 10/maltose reaction solution was mixed
with sodium cyanoborohydride (approx. 5 mg, 80 umol),
stirred overnight at room temperature, mixed again with
sodium cyanoborohydride (approx. 5 mg, 80 umol), and
stirred overnight at room temperature for reduction. The
Biotin Linker 10/maltose reaction solution so reduced was
concentrated under reduced pressure to obtain a residue. The
residue was purified with HP-20 (70 mL), and a fraction
eluted with water/methanol=1/1 was collected and concen-
trated to obtain a residue. The residue was freeze-dried to
obtain a white crystal serving as Compound 11.

[0150] Compound 11 was obtained at the yield of 7.81 mg
(89%, converted as 5.3 substitution products). Also, 'H
NMR (500 MHz, D,0) measurement was conducted on
Compound 11 so obtained to find that 87.31-6.51 (16H, br,
aromatic H), 85.05 (1Hx5.3, br, H-1), 84.56-4.44 (1H, br,
Biotin NHCH*CH,S), 84.25-420 (1H, br, Biotin
NHCH*CHS), §3.92-3.91 (1Hx5.3, br, H-2), 53.84-3.82
(1Hx5.3x3, br, H-5, H-5', H-6b), 83.78 (1Hx5.3x2, dd,
Jyem=13.7, J,;.=4.5 Hz, H-6a, H-6'), 3.72-3.69 (1Hx5.3x
3, br, I,,,=8.2 Hz, H-6'a, H-3', H-3), 3.67-3.62 (1Hx5 3, br,
H-4), 5353 (1Hx5.3, d, 1,,,=10.0 Hz, H-2), $3.41 (1Hx5.3,
t, 1,,=95 Hz, H-4), §337-336 (4H, br, Link
CH,*CH,NCH,CH,CONHPh), §3.33-3.30 (4H, br, Link
NHCOCH,CH,*NCO), 83.27-3.24 (1Hx5.3, br, H-1'b),
83.17-3.05 (1Hx5.3+1H, m, J 0, =13.1, J,;.=6.2 Hz, H-1'a,
Biotin NHCHCH*S), 52.88-2.84 (9H, br, CH,x4+1H, Link
NCH,*CH,NHCOPh, Biotin NHCHCH,*S), 32.77-2.70
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(1H, br, Biotin NHCHCH,*S), 82.60-2.65 (4H, br, Link
NHCOCH,*CH,NCO), 82.56 (8H, br, CH,x4, Link
NCH,CH,*CONHPh), $2.20 (2H, t, J5;,/5,,=5.0 Hz, Biotin
COCH,*CH,CH,CH,) $2.18-2.13 (4H, br, Link
CH,CH,*NCH,CH,NHCOPh), §1.59-1.55 (2H, br, Biotin
COCH,CH,*CH,CH,), 81.54-143 (2H, br, Biotin
COCH,CH,CH,CH,*), &1.28-1.27 (2H, br, Biotin
COCH,CH,CH,*CH,). Also, an ESI-MS (positive) mea-
surement was conducted to find that the m/z was 1702.2
[(M8+2H)**], 1540.3 [(M7+2H)**], 1376.9 [(M6+2H)**]. It
is to be noted that M6 is the molecular weight of a ligand
having six maltose molecules, M7 is the molecular weight of
a ligand having seven maltose molecules, and M8 is the
molecular weight of a ligand having eight maltose mol-
ecules.

[0151] (4-2 Synthesis of a Ligand with Four Units of
Sugar Molecules)

[0152] Inthe above example, since a large excess of sugar
to be collected was added to Biotin Linker 10, a heteroge-
neous aggregate including excessive sugar collected therein
was obtained. Accordingly, in order to obtain as an object a
ligand with four units (molecules) of sugar molecules, an
equivalent of a sugar molecule to be added was produced.
Glucose, maltose, and lactose were selected as a sugar
molecule to be collected.

[0153] First, Biotin Linker 10 obtained in Example 1 was
used to synthesize a ligand having a structure, wherein Y is
represented by O in general formula (16), according to the
following procedure.

[0154] Asshown in following general formula (20), Com-
pound 19 was obtained as a ligand of the present invention
in the same procedure as in (4-1) of Example 4 except that
when 6 equiv. of glucose was added to Biotin Linker 10 and
then glucose was sequentially added to amount 12 equiv. in
total, a reducing agent was added even with an unreacted
linker still remaining.

(20)
O
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O HN NH
H
N OH
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[0155] The Biotin Linker 10/glucose reaction solution
which had been reduced overnight was purified with HP-20
in the same manner to obtain a product. It is confirmed by
an ESI-MS measurement that the product was a mixture of
a compound including four or five glucose molecules col-
lected. An NMR measurement being conducted on the
product, the collecting rate of glucose was calculated from
the intensity ratio of a first proton of glucitol serving as a
glucose reductant to an aromatic proton (based on 16H) in
a linker. It was estimated from their intensity ratio of 4.2:16
that 4.2 glucose molecules are collected on the average. The
molecular weight (Mw) of a compound having n glucose

19-21

molecules collected therein is represented by Formula @ by
using a molecular weight of 1120.4 of Compound 10 and a
molecular weight increase of 164.1 at the time of one
glucose molecule being collected.

Mw=1120.44+164.1n

(Formula @)

[0156] n=4.2 is substituted for Formula @ to obtain a
molecular weight of 1809.2, from which the yield of Com-
pound 19 was calculated to be 24%. The yield was low
because of a loss incurred in purification by HP-20. An
equivalent was thus adjusted to synthesize a compound
including approximately four glucose molecules collected.
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Compound 19, which has 4.2 molecules of a glucitol com-
pound at an end thereof, is hereinafter abbreviated to 4-Gle.

[0157] Compound 19 was obtained by the following pro-
cedure. Biotin Linker 10 (4.91 mg, 3.11 mmol) and glucose
(3.45 mg, 19.2 mmol) were dissolved in a mixed solvent
(water/acetic acid/methanol=12/1/15, 0.2 mL) and stirred
for 8 hours at room temperature to obtain a Biotin Linker
10/glucose reaction solution. The Biotin Linker 10/glucose
reaction solution was further mixed with glucose (1.64 mg,
9.1 mmol), stirred overnight at room temperature, mixed
with sodium cyanoborohydride (4 mg, 48 mmol), and stirred
overnight at room temperature for reduction. The Biotin
Linker 10/glucose solution so reduced was concentrated
under reduced pressure to obtain a residue. The residue was
purified with HP-20 (70 mL), and a fraction eluted with
methanol was collected and concentrated to obtain a residue.
The residue was freeze-dried to obtain a white crystal
serving as Compound 19.

[0158] Compound 19 was obtained at the yield of 2.77 mg
(35%). Also, '"H NMR (500 MHz, D,0) measurement was
conducted on Compound 19 so obtained to find that §7.05-
7.02 (4H, m, aromatic H), 86.86-6.52 (12H, m, aromatic H),
34.44 (1H, dd, Jg,pe=5.3, Jgsms=7.5 Hz, Biotin
NHCH*CH,S), 84.17 (1H, dd, J53,5,=4.5, J535,=7.9 Hz,
Biotin NHCH*CHS), 83.92 (4H, td, J=8.6, 4.7 Hz, H-2),
83.80-3.73 (12H, m, H-3, 6b, 5), 63.68-3.60 (8H, m, 1Hx4x
2, H-6a, 4), §3.30-3.25 (20H, m, 1HA4+CH,x2x2, Hla,
Link CH,*CH,NCH,CH,CONHPh,
CONCH,*CH,CONH), 83.07 (4H, 1Hx4, dd, J_, =132,
J,;,.=8.2 Hz, H1b), 33.06-3.04 (1H, m, Biotin NHCHCH*S),
82.86-2.83 (8H, CH,x4, br, Link NCH,*CH,CONHPh),
82.63-2.61 (4H, m, 2Hx2, Link CONCH,CH,*CONH),
82.54-2.53 (8H, br, CH,x4, Link NCH,CH,*CONHPh),
82.21-2.06 (6H, br, CH,x3, Link
CH,CH,*NCH,CH,CONHPh, Biotin
COCH,*CH,CH,CH,), §1.55 (2H, br, CH,x1, Biotin
COCH,CH,*CH,CH,), 51.43-1.42 (2H, br, CH,x1, Biotin
COCH,CH,CH,*CH,), 51.30-1.23 (2H, br, CH,x1, Biotin
COCH,CH,CH,CH,*). Also, an ESI-MS (positive) mea-
surement was conducted to find that the m/z was 911.4
[(M+2Na)**]. It was also found that [a]y**=+0.373 (c
0.0295, H,0).

[0159] Next, Biotin Liker 10 obtained in Example 1 was
used to synthesize a ligand having a structure, wherein Y is
represented by O in general formula (17), according to the
following procedure.

[0160] As shown in general formula (20), Compound 20
was obtained as a ligand of the present invention in the same
procedure as in (4-1) of Example 4 except that 8 equiv. of
maltose was used instead of glucose. Compound 20 so
obtained has an intensity ratio of 4.1:16 of an end glucose
first proton in NMR to an aromatic proton. It was therefore
estimated that Compound 20 is a compound including 4.1
maltose molecules collected on the average. The yield of
Compound 20 was 69%, calculated by substituting the
collecting rate 4.1 for Formula (1) in the same manner as in
the case of Compound 19. Compound 20, which has 4.1
a-glucose molecules at an end thereof, is hereinafter abbre-
viated to 4-Mal.

[0161] Compound 20 was obtained by the following pro-
cedure. Biotin linker 10 (25.0 mg, 15.8 umol) and maltose
(34.3 mg, 95.1 umol) were dissolved in a mixed solvent
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(water/acetic acid/methanol=15/1/15, 0.55 mL) and stirred
for 9 hours at room temperature to obtain a Biotin Linker
10/maltose reaction solution. The Biotin Linker 10/maltose
solution was further mixed with maltose (10.7 mg, 29.7
umol), stirred overnight at room temperature, mixed with
sodium cyanoborohydride (15 mg, 240 umol), and stirred
overnight at room temperature for reduction. The Biotin
Linker 10/maltose reaction solution so reduced was concen-
trated under reduced pressure to obtain a residue. The
residue was purified with HP-20 (70 mL), and a fraction
eluted with water/methanol=1/1 and methanol was collected
and concentrated to obtain a residue. The residue was
freeze-dried to obtain a white crystal serving as Compound
20.

[0162] Compound 20 was obtained at the yield of 26.7 mg
(70%). Also, '"H NMR (500 MHz, D,0) measurement was
conducted on Compound 20 so obtained to find that 87.06-
7.01 (4H, m, aromatic H), 86.78-6.77 (4H, m, aromatic H.),
86.70-6.66 (4H, m, aromatic H.), 86.51-6.50 (4H, m, aro-
matic H), 85.04 (4H, d, 1Hx4, J,_=2.7 Hz, H-1), 84.43 (1H,
dd, T/6=8.0, Ty 5=4.9 Hz, Biotin NHCH*CILS), 54.19-
4.17 (1H, br, Biotin NHCH*CHS), 53.92-3.90 (SH, m,
CHx4x2, H-2',5"), 53.83-3.80 (8H, m, CHx4x2, H-5, 6'a),
83.73 (8H, dd, CHx4x2, J,,=5.2, 1,,,=5.0 Hz, H-3, 3,
83.60 (4H, dd, CHx4, J=7.4, 11.7 Hz, H-4"), $3.53 (4H, dd,
CHx4, 1,,,=8.0, 1,,=3.7 Hz, H-2), 8341 (4H, 1, CHx4,
J=9.5 Hz, H-4), $3.30-3.22 (12H, m, 1Hx4+CH,x2x2, H1'b,
Link CIL*CH,NCIL,CIH,CONHPh,
CONCH,*CH,CONH), 83.14 (4H, dd, 1Hx4, J =129,
J,..=8.0 Hz, Hl'a), 83.06 (1H, m, Biotin NHCHCH*S),
52.84-2.83 (9H, br, CH+CH, x4, Link NCH, *CH,CONHPh,
Biotin NHCHCH,*S), 52.70-2.66 (SH, br, CH+CH,x4,
Link CONCH,*CH,CONH, Biotin NHCHCH,*S), 82.62-
2.60 (4H, br, CH,x2, Link CONCH,CI,*CONH), 52.53-
2.52 (8H, br, CH,x4, Link NCH,CH,*CONHPh), 52.20-
2.04 (6H, br, CH,x3, Link CH,CH,*NCH,CH,CONHPh,
Biotin COCH,*CH,CH,CH,), 61.55 (2H, br, CH,x1, Biotin
COCH,CH,*CH,CH,), 81.43-1.42 (2H, br, CH,x1, Biotin
COCH,CH,CH,*CH,), 51.30-1.23 (2H, br, CH,x1, Biotin
COCH,CH,CH,CH,*). Also, an ESI-MS (positive) mea-
surement was conducted to find that the m/z was 817.0[(M+
3H)**]. It was also found that [a],**=+5.11 (c 0.243, H,0).
Caled for C, o, H, (sN,50,,S.11.9H,0: C, 47.30; H, 7.16; N,
7.96%. Found: C, 47.30; H, 6.88; N, 7.86%.

[0163] Next, Biotin Linker 10 obtained in Example 1 was
used to synthesize a ligand having a structure, wherein Y is
represented by O in general formula (18), according to the
following procedure.

[0164] As shown in general formula (20), Compound 21
was obtained as a ligand of the present invention in the same
procedure as in (4-1) except that 8 equiv. of lactose was used
instead of glucose. Compound 21 so obtained has an inten-
sity ratio of 4.2:16 of a galactose first proton in NMR to an
aromatic proton. It was therefore estimated that Compound
21 is a compound including 4.2 lactose molecules collected
on the average. A mass weight can be calculated according
to Formula (1) also in this case. The collecting rate of 4.2
was substituted to obtain a mass weight of 2477.8, from
which a yield was calculated to be 57%. Compound 21,
which has 4.2 p-galactose molecules at an end thereof, is
hereinafter abbreviated to 4-Lac.

[0165] Compound 21 was obtained by the following pro-
cedure. Biotin Linker 10 (7.88 mg, 5.0 umol) and lactose
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(10.6 mg, 29.4 umol) were dissolved in a mixed solvent
(water/acetic acid/methanol=20/1/15, 0.4 mL) and stirred
for 10 hours at room temperature to obtain a reaction
solution of Biotin Linker 10 and lactose. The Biotin Linker
10/lactose reaction solution was further mixed with lactose
(3.59 mg, 10.0 umol), stirred overnight at room temperature,
mixed with sodium cyanoborohydride (5 mg, 80 gmol), and
stirred overnight at room temperature for reduction. The
Biotin Linker 10/lactose solution so reduced was concen-
trated under reduced pressure to obtain a residue. The
residue was purified with HP-20 (70 mL), and a fraction
eluted with water/methanol=1/1 and methanol was collected
and concentrated to obtain a residue. The residue was
freeze-dried to obtain a white crystal serving as Compound
21.

[0166] Compound 21 was obtained at the yield of 7.08 mg
(59%). Also, "H NMR (600 MHz, D,0) measurement was
conducted on Compound 21 so obtained to find that 86.99
(4H, d, J=8.3 Hz, aromatic H), 86.72 (4H, d, J=6.9 Hz,
aromatic H.), 86.65 (4H, d, J=8.3 Hz, aromatic H), 36.47
(4H, t, J=6.2 Hz, aromatic H), d4.38 (4H, d, 1Hx4, J;.=7.7
Hz, H-1), 84.35 (1H, m, Biotin NHCH*CH,S), 84.09 (1H,
dd, Tga =44, Tz 5,=7.9 Hz, Biotin NHCH*CHS), $3.97-
3.94 (4H, m, CHx4, H-2), 53.84-3 81 (8H, m, CHx4x2, H-5,
5), 83.79 (8H, d, CHx4x2, 1, ,=3.0 Hz, H-4, 6a), 53.75-3.73
(12H, m, CHx4x3, H-3', 6'a, 6b), 83.63 (4H, dd, CHx4,
J,5=6.1 Hz, H-4, 6'b), 83.57-3.56 (4H, m, CH,x4, Link
CH,*CH,NCH,CH,CONHPh), $3.52 (4H, dd, J,,=10.0,
1,.=35 Hz, H-3), 8349 (4H, t, CH,x2, J=6.3 Hz, Link
CH,CH,*NCH,CH,CONHPh), 83.46 (4H, dd, I,=7.7,

24

Jan. 19, 2006

J,5=10.0 Hz, H-2), $3.29-3.19 (12H, br, CHx4+CH,x4,
Link NCH,*CH,CONHPh, H-1'b), 83.02-2.98 (5H, m,
Biotin NHCHCH*S, H-1'a), $2.81-2.75 (9H, br, CH+CH,x
4, Link NCH,*CH,CONHPh, Biotin NHCHCH,*S), 82.59
(1H, d, J ;.,,=13.2 Hz, Biotin NHCHCH, *S), 52.48 (8H, br,
Link NCH,CH,*CONHPh), $2.13-2.03 (6H, br, Link
CONCH,CH,*CONH, Biotin COCH,*CH,CH,CH,),
81.47 (2H, br, CH,x1, Biotin COCH,CH,*CH,CH,), 81.35
(2H, br, CH,x1, Biotin COCH,CH,CH,CH,*), 81.18 (2H,
br, CH,x1, Biotin COCH,CH,CH,*CH,). Also, an ESI-MS
(positive) measurement was conducted to find that the m/z
was 831.3 [(M+3Na)>*]. It was also found that [a],**=-11.3
(c 0.292, H,0). Caled for C,,H,4sN;50,.S.10.4H,0: C,
47.78; H, 7.12; N, 8.04%. Found: C, 47.78; H, 6.95; N,
8.00%.

COMPARATIVE EXAMPLE 1

A Ligand Using an Acetyl Linker

[0167] In the present example, a linker compound includ-
ing an acetyl group, instead of biotin, introduced therein was
synthesized as a control compound. That is, as shown in
following general formula (21), acetic anhydride in pyridine
was brought into reaction with Compound 8, i.e., a second-
ary amine before introduction of biotin for acetylation to
obtain Compound 14. Thereafter, a Boc group at an end of
Compound 14 was deprotected under the same condition as
mentioned before to quantitatively obtain Compound 15.
Compound 15 is hereinafter abbreviated to Acetyl Linker
15.
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[0168] Compound 14 was obtained by the following pro-
cedure. Compound 8 (13.1 mg, 54.5 umol) was dissolved in
pyridine (0.5 mL). The resulting solution was mixed with
acetic anhydride (0.5 mL, 5.3 mmol) and stirred for 4 hours
at room temperature to obtain a solution. The solution was
concentrated under reduced pressure and boiled twice
together with toluene to obtain a residue. The residue was
purified by medium-pressure silica gel chromatography (5 g,
chloroform:methanol=10:1 to 5:1) to obtain a yellow crystal
serving as Compound 14.

[0169] Compound 14 was obtained at the yield of 12.8 mg
(95%). Also, 'H NMR (400 MHz, CD,0D) measurement
was conducted on Compound 14 so obtained to find that
87.60 (4H, s, aromatic H), 7.09-6.97 (12H, m, aromatic H),
83.32 (4H, t, J=6.6 Hz, AceNCH,*CH,CONH), §3.19-3.17
(4H, br, AceNCH,CH,CONHCH,*), 2.77 (8H, t, J=6.1 Hz,

NCH,CH,*CONHPh), 8252 (4H, 1, J=64 Hz,
AceNCH,CH,CONHCH,CH,*), 62.42 (8H, d, J=6.1 Hz,
NCH,*CH,CONHPh), 8212 (4H, 1, J=6.6 Hz,

AceNCH,CH,*CONH), 81.90 (s, 3, Me of Ace), 51.40 (s,
36H, Me of Boc). Also, an ESI-MS (positive) measurement
was conducted to find that the m/z was 668.9 [(M+2H)>*].

[0170] Acetyl Linker 15 was obtained by the following
procedure. Compound 14 (12.8 mg, 9.6 umol) was dissolved
in dichloromethane (0.5 mL), mixed with trifluoroacetic acid
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(0.5 mL), and stirred for 1 hour at 0° C. to obtain a reaction
solution of Compound 14 and trifluoroacetic acid. The
Compound 14/trifluoroacetic acid reaction solution was con-
centrated under reduced pressure to obtain a residue. The
residue was purified with LH20 (140 mL, eluted by metha-
nol) to obtain a yellow crystal serving as Acetyl Linker 15.

[0171] Acetyl Linker 15 was obtained at the yield of 14.9
mg (100%). Also, "H NMR (400 MHz, CD,0OD) measure-
ment was conducted on Compound 15 so obtained to find
that 67.50 (4H, s, aromatic H), 87.27-7.19 (8H, m, aromatic
H), 96.86-6.81 (4H, m, aromatic H), 83.57-3.51 (12H, br,
AceNCH,CH,CONHCH,*, NCH,*CH,CONHPh), 83.40
(4H, dd, J=6.4 Hz, AceNCH,*CH,CONH), $3.35-3.32 (4H,
br, J;,,=5.1 Hz, AceNCH,CH,CONHCH,CH, %), 62.91 (4H,
t, J,,,=6.1 Hz, NCH,CH,*CONHPh), 51.88 (s, 3H, Me of
Ace). Also, an ESI-MS (positive) measurement was con-
ducted to find that the m/z was 647.8 [(M+2H)**].

[0172] Acetyl Linker 15 obtained as described above was
used to collect maltose so as to obtain a ligand. As shown in
following general formula (22), Compound 18 was obtained
in the same procedure as in (4-1) of Example 4 except that
27 equiv. of maltose was in total brought into reaction with
Acetyl Linker 15 instead of glucose being brought into
reaction with Biotin Linker 10.

(22

50%

(9+9+9¢q)

NaBH;CN (20 + 20 eq)

r.t, 3 days
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[0173] Compound 18 so obtained has an intensity ratio of
7.9:16 of a maltose nonreducing end first proton to an
aromatic proton deriving from a linker. It is therefore
estimated that Compound 18 is a compound including 7.9
maltose molecules collected on the average. The mass
weight (Mw) of a compound including n maltose molecules
collected therein is represented by Formula © by using a
molecular weight of 936.1 of Compound 15 and a molecular
weight increase of 326.3 at the time of one maltose molecule
being collected.

Mw=936.1+326.3n

(Formula @)

[0174] n=7.9 is substituted for Formula @ to obtain a
molecular weight of 3562.8, from which the yield of Com-
pound 18 was calculated to be 50%. Compound 18 is
hereinafter abbreviated to Ace-8-Mal.

[0175] Compound 18 was obtained by the following pro-
cedure. Acetyl Linker 15 (3.73 mg, 7.3 umol) and maltose
(11.5 mg, 33.6 umol) were dissolved in a mixed solvent
(water/acetic acid/methanol=6/1/15, 0.25 mL), stirred over-
night at room temperature, further mixed with maltose (13.0
mg, 38.0 umol), stirred at room temperature, mixed again
with maltose (14.7 mg, 42.9 umol) after 7 hours, and mixed
with sodium cyanoborohydride (20 mg, 320 mmol), and
stirred overnight at room temperature to obtain a reaction
solution. The reaction solution was mixed again with sodium
cyanoborohydride (20 mg, 320 mmol) and stirred overnight
at room temperature. The solution so mixed again with
sodium cyanoborohydride was concentrated under reduce
pressure to obtain a residue. The residue was purified with
HP-20 (70 mL), and a fraction eluted with water/methanol=
1/1 was collected and concentrated to obtain a residue. The
residue was freeze-dried to obtain a white crystal serving as
Compound 18.

[0176] Compound 18 was obtained at the yield of 7.02 mg
(50%, converted as 8 substitution products). Also, 'H NMR
(500 MHz, D,0) measurement was conducted on Com-
pound 18 so obtained to find that 87.09-7.04 (4H, br, J=7.6
Hz, aromatic H), 86.93-6.91 (4H, br, aromatic H), 36.65-
6.58 (8H, br, aromatic H), 5.05 (1Hx8, d, J, ,=2.3 Hz, H-1),
83.88 (1Hx8x2, br, H-2', 5), 83.83 (1Hx8, br, H-5), 83.82
(1Hx8, br, H-6b), 33.74 (1Hx8x2, dd, J.,=12.4, J ;=55
Hz, H-6'b, H-6a), 83.69 (1HxS8, br, J,,=9.4 Hz, H-3),
83.67-3.64 (1Hx8x2, br, H-3', 6'a), 33.59-3.57 (1Hx8, br,
H-4), 63.53 (1Hx8, dd, J,,,=9.9, J,5=3.5 Hz, H-2), §3.41
(1Hx8, t, J,,=9.6 Hz, H-4), 83.30 (8H, br, Link
CH,*CH,NCH,CH,CONHPh, NHCOCH,CH,*NCO),
83.24 (1Hx8, br, H-1'b), $3.15 (1Hx8, br, H-1'a), 2.87-2.82
(8H, br, Link NCH,*CH,CONHPh), 82.66 (4H, br, J=8.0
Hz, Link CH,CH,*NCH,CH,CONHPh), 82.57 (8H, br,
Link NCH,CH,*CONHPh), 52.10-2.08 (4H, br, J=7.1 Hz,
Link NHCOCH,*CH,NCO), 81.88 (3H, s, Me of Ace).
Also, an ESI-MS (positive) measurement was conducted to
find that the m/z was 1190.4 [(M8+2Na+H)>*], 1081.1
[(M7+2H+Na)**]. It is to be noted that M7 is the molecular
weight of a ligand having seven maltose molecules, and M8
is the molecular weight of a ligand having eight maltose
molecules.

COMPARATIVE EXAMPLE 2

A Ligand Using a Biotin Linker Having Two
Aromatic Amino Residues

[0177] For the purpose of comparison, as shown in fol-
lowing general formula (23), Linker Compound 22 (divalent
type, referred to as Biotin Linker 22), described in Patent
Document 2, which has two aromatic amino residues at an
end thereof, was used to collect two units (molecules) of
sugar molecules so as to synthesize a ligand.
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[0178] In the same manner as in the case of the ligand,
including four units of sugar molecules collected therein,
which was obtained in (4-2) of Example 4, Biotin Linker 22
was used to synthesize a ligand including two units of sugar
molecules collected therein. It is to be noted that glucose and
maltose were chosen as a sugar for assembling two units.

[0179] First, glucose was collected in Biotin Linker 22 to
obtain Compound 23 serving as a ligand. As shown in
following general formula (24), Compound 23 was obtained
in the same procedure as in (4-1) of Example 4 except that
4 equiv. of glucose was brought into reaction with Biotin
Linker 22 instead of glucose being brought into reaction
with Biotin Linker 10. The collecting rate of Compound 23
was calculated from the intensity ratio of a glucitol first
proton serving as a glucose reductant to an aromatic proton
in Biotin Linker 22 (based on 8H) in an NMR measurement
of Compound 23. It was estimated from their intensity ratio
of 2.1:8 that Compound 23 includes 2.1 glucose molecules

(0]
- O_L N\
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collected on the average. The molecular weight (Mw) of a
compound including n glucose molecules collected therein
is represented by Formula by using a molecular weight
0f 567.7 of Biotin Linker 22 and a molecular weight increase
of 164.1 at the time of one glucose molecule being collected.

(Formula @)
[0180] n=2.1 is substituted for Formula @ to obtain a
molecular weight of 912.3, from which the yield of Com-
pound 23 was calculated to be 73%. Compound 23 is
hereinafter abbreviated to 2-Glc.

Mw=567.7+164.1n

[0181] Next, maltose was collected in Biotin Linker 22 to
obtain Compound 24 serving as a ligand. As shown in
following general formula (24), Compound 23 was obtained
in the same procedure as Compound 23 had been obtained
except that maltose was used instead of glucose. It was
found in an NMR measurement of Compound 24 that the
intensity ratio of an end glucose first proton to an aromatic
proton in Biotin Linker 22 (based on 8H) was 2.0:8. It was
therefore estimated that Compound 24 includes 2.0 maltose
molecules collected on the average. The molecular weight
Mw) of a compound including n maltose molecules col-
lected therein is represented by Formula @ by using the
molecular weight of 567.7 of Biotin Linker 22 and the
molecular weight increase of 326.3 at the time of one
maltose molecule being collected.

Mw=567.7+326.3n

(Formula @)

[0182] n=2.0 is substituted for Formula @ to obtain a
molecular weight of 1207.2, from which the yield of Com-
pound 24 was calculated to be 76%. Compound 24 is
hereinafter abbreviated to 2-Mal.
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[0183] Compound 23 was obtained by the following pro-
cedure. Biotin Linker 22 (4.14 mg, 7.3 mmol) and glucose
(3.84 mg, 21.3 umol) were dissolved in a mixed solvent
(water/acetic acid/methanol=6/1/15, 0.25 mL) and stirred
for 6 hours at room temperature to obtain a reaction solution
of Biotin Linker 22 and glucose. The Biotin Linker 22/glu-
cose reaction solution was further mixed with glucose (1.38
mg, 7.66 umol), stirred overnight at room temperature,
mixed with sodium cyanoborohydride (6 mg, 96 xmol), and
stirred overnight at room temperature for reduction. The
Biotin Linker 22/glucose solution so reduced was concen-
trated under reduced pressure to obtain a residue. The
residue was purified with HP-20 (70 mL), and a fraction
eluted with water/methanol=1/1 was collected and concen-
trated to obtain a residue. The residue was freeze-dried to
obtain a white crystal serving as Compound 23.

[0184] Compound 23 was obtained at the yield of 4.84 mg
(74%). Also, "H NMR (600 MHz, D,0) measurement was
conducted on Compound 23 so obtained to find that 67.51
(4H, d, J=6.6 Hz, aromatic H), 66.62 (4H, d, J=9.1 Hz,
aromatic H), 84.33 (1H, dd, Jg;/54=3.0, Jz;5s=5.0 Hz,
Biotin NHCH*CH,S), 83.88 (2H, dd, J,,,=4.4, J, ;=4.9 Hz,
H-2), 83.84 (1H, dd, Jgsp4=4.4, Jpss,=3.7 Hz, Biotin
NHCH*CHS), 83.75 (2H, dd, J,,=4.9, J;,,=3.2 Hz, H-3),
83.74-3.72 (2H, m, H-6b), 83.72-3.69 (4H, br, CH,x2, Link
NCH,CH,*NHCOPh), 83.69-3.67 (2H, m, H-5), 63.64 (4H,
t, CH,x2, J=4.6 Hz, Link NCH,*CH,NHCOPh), 63.60 (2H,
dt, J,5=2.5,1,,5=7.7 Hz, H-4), $3.53 (2H, dd, J=2.2, 6.0 Hz,
H-6a), 83.33-3.29 (2H, dt, J_,=13.7, J;.=4.7 Hz, H-1a),
83.11 2H, dt, J ,=11.2,J ; =3.3 Hz, H-1b), 82.72 (1H, dd,
Jgem=12.9,1,;.=5.0 Hz, Biotin NHCHCH,*S), 82.57 (1H, d,
Jem=13.2 Hz, Biotin NHCHCH,*S), 62.55-2.53 (1H, m,
J=3.3 Hz, Biotin NHCHCH*S), 82.14 (2H, t, J5;,/5,;=7.0
Hz, Biotin COCH,*CH,CH,CH,), §1.22-1.10 (4H, m,
CH,x2, Biotin COCH,CH,*CH,CH,*). Also, an ESI-MS
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(positive) measurement was conducted to find that the m/z
was 470.7 [(M+2Na)>*]. It was also found that [a],**=+6.61
(c 0.145, H20). Caled for C,,H4;N,0,S.6.5H,0: C, 47.45;
H, 7.31; N, 9.69%. Found: C, 47.44; H, 6.580; N, 9.60%.

[0185] Compound 24 was obtained by the following pro-
cedure. Biotin Linker 22 (4.12 mg, 7.3 umol) and maltose
(7.9 mg, 22.1 umol) were dissolved in a mixed solvent
(water/acetic acid/methanol=12/1/15, 0.25 mL) and stirred
overnight at room temperature to obtain a reaction solution
of Biotin Linker 22 and maltose. Thereafter, the Biotin
Linker 22/maltose reaction solution was mixed with sodium
cyanoborohydride (6 mg, 96 umol), stirred overnight at
room temperature, and reduced. The Biotin Linker 22/mal-
tose reaction solution so reduced was concentrated under
reduce pressure to obtain a residue. The residue was purified
with HP-20 (70 mL), and a fraction eluted with water/
methanol=1/1 was collected and concentrated to obtain a
residue. The residue was freeze-dried to obtain a white
crystal serving as Compound 24.

[0186] Compound 24 was obtained at the yield of 6.71 mg
(75%). Also, '"H NMR (500 MHz, D,0) measurement was
conducted on Compound 23 so obtained to find that 87.60
(4H, d, J=4.5 Hz, aromatic H), 86.74 (4H, d, J=8.8 Hz,
aromatic H), 85.09 (2H, d, J,,,=3.7 Hz, H-1), 64.44 (1H, dd,
Je786=4.8, J57,5=3.1 Hz, Biotin NHCH*CH,S), $3.95-3.93
(2H, br, H-2), 63.91-3.90 (2H, br, H-5"), $3.90-3.89 (2H+1H,
br, Biotin NHCH*CHS, H-3'), 83.87-3.86 (2H, br, H-5),
93.82 (2H, d, J,.,=12.7 Hz, H-6a), 83.76 (2H, dd, J =
12.5,1,,.=5.2 Hz, H-6b), 63.72 (4H, m, 1Hx2x2, J _,=12.1,
1,,=9.3 Hz, H-6'a, H-3), 33.66 (4H, br, CH,x2, Link
NCH,CH,*NHCOPh), 83.62 (4H, d, J,,=11.8 Hz, H-6',
H-4), 03.58-354 (6H, m, CH,x2+1Hx2, Link
NCH,*CH,NHCOPh, H-2), 33.42 (2H, t, J,, ,=9.6 Hz, H-4),
83.37 (2H, dt,J,.,=13.7,J,,.=4.8 Hz, H-1'b), 63.29 (2H, td,

gem vic

Jyem=74, 1,,,=3.0 Hz, H-1a), 52.83 (2H, dd, J,.,,=13.0,
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J.;c=5.1 Hz, Biotin NHCHCH,*S), 82.67 (2H, d, J._,,=12.8
Hz, Biotin NHCHCH,*S), 62.65-2.62 (2H, m, Biotin
NHCHCH*S), 9224 (2H, t, Jg;,5,;=7.0 Hz, Biotin
COCH,*CH,CH,CH,), 81.31-1.19 (4H, m, CH,x2, Jg,,,
B12=7.0, Jgop10=7-4 Hz, Biotin COCH,CH,*CH,CH,*),
80.95-0.91 (2H, m, Biotin COCH,CH,CH,*CH,). Also, an
ESI-MS (positive) measurement was conducted to find that
the m/z was 632.8 [(M+2Na)*>*]. It was also found that
[a]p**=+6.95 (¢ 0222, H,0). Caled for
C,5,Hg N,0,,S.9.1H,0: C, 4513; H, 7.17; N, 7.09%.
Found: C, 45.13; H, 6.63; N, 7.37%.

[0187] As described above, ligands including four or two
units of sugar molecules collected therein was synthesized
respectively. The ligands were used to analyze an interaction
with a protein by an SPR measurement.

EXAMPLE 5

A Specific Interaction Between a Sugar Molecule
and a Protein Using the SPR Method

[0188] In most SPR measurements, an analyte nonspecifi-
cally interacts with a molecule other than a ligand. There-
fore, in an actual measurement, the sum of a resonant angle
change caused by a specific interaction and a nonspecific
interaction is observed. The biggest problem for measure-
ment is to observe a specific interaction while suppressing a
nonspecific interaction. The inventors thought that the prob-
lem could be solved by the following method (referred to as
a 2-channel analysis method).

[0189] SPR670 (product name, Nippon Laser & Electron-
ics LAB), which is an apparatus, used in the present
example, for conducting an STR measurement, has two
channels (S) and (R) and makes it possible, as shown in
FIG. 3, to simultaneously observe interactions between a
ligand on respective surfaces and an analyte. For example,
supposing that concanavalin A (Con A) serving as a lectin
which binds to glucose is simultaneously flown onto the two
surfaces under the same conditions with 4-Mal immobilized
on one surface and 4-Glc on the other, Con A may bind to
glucopyranose present at an end of 4-Mal but may hardly
bind to 4-Glc, which does not have glucopyranose. Since
4-Mal and 4-Glc have the same structure except for the
presence or absence of a sugar at an end thereof, a difference
between the interactions with Con A can be attributed to
glucopyranose. That is, the observed difference between
resonant angle changes between (S) and (R) is equivalent to
a specific interaction between glucopyranose and Con A.

[0190] Thus, the inventor found that a specific interaction
between a sugar molecule and a protein can be detected by
using, as ligands, compounds which have the same structure
except the presence of a sugar at an end thereof through
application of a conventional method for observation of a
difference in interaction between two different types of
ligand immobilized onto (S) and (R) respectively.

[0191] (5-1 Preparation of a Ligand-Introduced Chip)

[0192] In the beginning, a ligand was immobilized onto a
sensor chip in order to analyze an interaction between a
sugar molecule and a protein by an SPR measurement. That
is, the ligand synthesized in Example 4 was immobilized
onto the chip through a biotin-avidin bond to obtain a
ligand-introduced chip (ligand carrier). It is to be noted that
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the ligand was immobilized after avidin had been immobi-
lized onto the SPR sensor chip.

[0193] The ligand-introduced chip was obtained by the
following procedure. In the beginning, a sensor chip (manu-
factured by Japan Laser Electronics Co., Ltd.), prepared by
depositing a gold thin film of 50 nm thick on a glass
substrate of 13 mmx20 mmx0.7 mm, was placed in a UV
ozone cleaner (product name: NL-UV253, Japan Laser
Electronics Co., Ltd.) and was exposed to ultraviolet rays for
20 minutes so as to wash the surface of the sensor chip with
ozone. Next, the sensor chip was immersed in a 4,4'-
methanol dithiobutyrate solution (100 #M) in a Petri dish
and gently shaken for 30 minutes at room temperature
(product name: Bio Dancer, New Brunswick Scientific Co.,
Ltd.). 4-thiobutyric acid was immobilized onto the chip
through a gold-sulfur bond. The chip was washed three
times with ethanol. Thereafter, the chip was immersed in a
mixed solution of an aqueous solution (1 mL) of 160 mM
carbodiimide and 9 mL of 13 mM N-hydroxysuccinimide
1,4-Dioxan solution (9 mL) in a Petri dish and gently shaken
for 30 minute at room temperature. Water (10 mL) was
added to the Petri dish and shaken for 5 minutes at room
temperature to terminate the activation reaction. The chip
was washed with water four times, air-dried, and then
mounted on a sensor chip cartridge of SPR670. A running
buffer was flown onto the chip mounted on the sensor chip
cartridge. A laser beam was irradiated onto the gold film. A
surface plasmon resonant angle change then observed was
monitored. It is to be noted that a phosphate buffer solution
(PBS) at pH 7.4 was used as the running buffer, and the
running buffer was flown onto the chip at a flow rate of 5
ml/min except when a sample was flown. Also, all SPR
measurements were conducted at a constant temperature
(25° C.). All sample solutions used in the measurements
were used after filtration by a syringe filter (© Whatman
PURADISC™ 25TF 0.2 mm PTFE Membrane filter).

[0194] After the running buffer had been flown onto the
chip and the resonant angle change had become constant, 60
uL of aqueous solution of 0.1 mg/mLl neutroavidin
(PIERCE, NeutrAvidin™, CA47105) sodium acetate (10
mM, pH 5.5) was flown three times at a flow rate of 5
ul/min. After a sample solution was flown in SPR, the
solution was switched from the sample solution to a buffer
solution so as to wash away an excess sample. After a
resonant angle change became constant, the next operation
was performed. In order to inactivate (capping) residual
active ester, 60 uL of PBS solution (pH 8.5) containing 1.0
M aminoethanol was flown twice at a flow rate of 5 ul./min
to obtain an avidin additive chip (avidin adduct).

[0195] Subsequently, PBS solutions of various concentra-
tions of the ligands obtained in Example 4 were sequentially
flown by 60 ul. at a flow rate of 10 ul./min so as to
immobilize the ligands onto the avidin additive chip, thereby
obtaining a ligand-introduced chip (ligand carrier). It is to be
noted that the immobilization of the ligands had been
repeated until an increase in resonance unit was not recog-
nized in an SPR sensorgram.

[0196] FIG. 4 shows one example of the SPR sensorgram
until the immobilization of the ligands. It is to be noted here
that 4-Mal, which had been obtained in (4-3) of Example 4,
was immobilized onto the S channel (hereinafter referred to
as (S)), and 4-Glc was immobilized onto the R channel
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(hereinafter referred to as (R)). The horizontal axis of the
sensorgram represents time; the vertical axis of the sensor-
gram represents resonant angle change (Response (RU;
Response Unit)).

[0197] Except when an analyte is added, a phosphate
buffer solution (pH 7.4, hereinafter referred to as a PBS)
serving as a running buffer is constantly flown onto a chip
at a flow rate of 5 ul./min. When the addition of the analyte
onto the chip was completed, the PBS was arranged to be
automatically flown to wash an excess analyte which had not
been involved in the binding. When a 0.1 mg/mL neutroa-
vidin sodium acetate solution (10 mM sodium acetate, ph
5.5) was flown by 60 uL at a flow rate of 5 ul/min, an
increase in resonant angle was observed. It was therefore
found that neutroavidin had been immobilized onto the chip.

[0198] In order to cap active ester remaining on the chip
thereafter, a PBS solution containing 1.0 M ethanolamine
was flown by 60 ul at a flow rate of 5 ul./min. After the
capping, a resonant angle change quantity between a point
of time when the resonant angle change had become con-
stant and a point of time before and after the flowing of the
neutroavidin solution was defined as an immobilization
quantity. In this sensorgram, the immobilization quantity in
(S) was 3690 RU and that in (R) was 3480 RU.

[0199] Next, 4.9 uM, 16.3 uM, and 49 uM 4-Mal solutions
were flown onto (S) by 60 uL at a flow rate of 10 uL/min for
immobilization; 0.49 uM and 4.9 uM 4-Glc solutions were
flown onto (R) by 60 uL at a flow rate of 10 uL./min for
immobilization. An excess ligand which had not been immo-
bilized was washed away. A resonant angle change quantity
between a point of time when the resonant angle change had
become constant and a point of time before the immobili-
zation was defined as a immobilization quantity. It is to be
noted that the immobilization of the ligands had been
repeated until a state was achieved in which a flowing of an
aggregate does not increase the immobilization quantity. In
this sensorgram, the immobilization quantity of 4-Mal was
220 RU and that of 4-Gecl was 220 RU. Thus, ligand-
introduced chips including two different ligands respectively
immobilized to the same extent were produced. In the same
manner, various ligand-introduced chips including different
ligands were produced.

[0200] (5-2 Verification of the immobilization of a Ligand)

[0201] Compound 18 was used to verify whether a syn-
thesized ligand is immobilized on a chip through a biotin-
neutroavidin bond. Compound 18 includes maltose collected
by Acetyl Linker 15, not having biotin, which was obtained
in Example 1. That is, under the same conditions as 5.3-Mal,
Ace-8-Mal was flown onto a chip having neutroavidin
immobilized thereon. If Ace-8-Mal is not immobilized, it
can be confirmed that there is no immobilization of a
nonspecific ligand.

[0202] In the beginning, an avidin additive chip including
neutroavidin immobilized in the same manners as in (5-1)
was produced. At this time, the neutroavidin immobilization
quantity in (S) was 6620 RU and that in (R) was 6330 RU.
An Ace-8-Mal solution (0.61 uM), an Ace-8-Mal solution
(5.48 uM), a 5.3-Mal solution (0.61 uM), and a 5.3-Mal
solution (5.48 uM) were sequentially flown onto (S) of the
chip by 60 ulL at a flow rate of 10 ul/min; only a PBS was
constantly flown onto (R). FIG. 5 is a sensorgram, drawn in
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a superposition manner, of (D) corresponding to a difference
between (S) and (R). It is to be noted in FIG. 5 that
Ace-8-Mal is referred to as Ace-Mal and 5.3-Mal is referred
to as Bio-Mal.

[0203] As shown in FIG. 5, it was found from an SPR
measurement result that while 5.3-Mal containing biotin was
specifically immobilized onto the chip, Ace-8-Mal not con-
taining biotin was not immobilized at all. Therefore, a
compound (ligand) using a biotin linker to collect a sugar
molecule could be specifically immobilized onto the chip
through the biotin-avidin (neutroavidin) bond.

[0204] (5-3 An Interaction Between a Sugar Molecule and
a Lectin Using a Ligand-Introduced Chip)

[0205] PBS solutions containing proteins of various con-
centrations were flown onto the ligand-introduced chip
obtained in (5-1) by 60 uL at a flow rate of 20 uL./min so as
to observe the binding and dissociating behavior of the
ligand-introduced chip with each protein by an SPR mea-
surement.

[0206] The following proteins were used.
[0207] BSA (SIGMA ALUBMUN, BOVINE)
[0208] Concanavalin A (SEIKAGAKU KOGYO)
[0209] Pea Lectin (SEIKAGAKU KOGYO)
[0210] Peanut Lectin (SEIKAGAKU KOGYO)
[0211] RCA,,, (SEIKAGAKU KOGYO)

[0212] Ttis to be noted that an aqueous solution of sodium
hydroxide (10 mM) was flown onto a surface of the ligand
chip, which includes the protein introduced thereinto, by 60
uL at a flow rate of 60 ul/min for dissociation, recycling,
and reuse. This operation had also been repeated one to three
times until the resonance unit value (Response (RU;
Response Unit)) before the flowing of a lectin in the sen-
sorgram was achieved.

[0213] First, an interaction with Con A was examined by
the ligand-introduced chips, obtained in (5-1), onto which
5.3-Mal and 8-Glc were immobilized. Neutroavidin was
immobilized onto the chip in the same manner as in (5-1) to
obtain an avidin additive chip. At this time, the neutroavidin
immobilization quantity of neutroavidin of (S) was 5470 RU
and that of (R) was 4380 RU. Thereafter, 5.3-Mal was
immobilized onto (S) of the avidin additive chip and 8-Glc
was immobilized onto (R) of the avidin additive chip to
obtain ligand-introduced chips. It is to be noted that (S) had
a ligand immobilization quantity of 390 RU and (R) had a
ligand immobilization quantity of 390 RU.

[0214] Onto the ligand-introduced chips thus produced, a
Con A solution (1.0 M) was flown by 60 uL at a flow rate of
10 uL/min. FIG. 6 shows a resonant angle change in (S), that
in (R), and that in (D) corresponding to a difference between
(S) and (R). As shown in FIG. 6, the flowing of the Con A
solution caused the ligand on the ligand-introduced chip to
bind to Con A, so that the resonant angles increased in both
(S) and (R). Next, Con A which had not been involved in the
binding was washed away, and a PBS was flown for 1000
seconds at a flow rate of 10 x4l /min. Thereafter, an aqueous
solution of sodium hydroxide (10 mM) was flown by 60 uL
at a flow rate of 60 ul./min so as to dissociate Con A binding
to the ligand. From the fact that the dissociation caused the
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resonant angle to suddenly decrease to become constant at
the same level as the baseline before the flowing of Con A,
it was found that Con A was completely dissociated. (D) in
FIG. 6 became the same as a typical SPR sensorgram
representing binding and dissociation. That is, the system
made it possible to observe a specific interaction between
Con A and glucopyranose.

[0215] Moreover, Con A of various concentrations was
acted on the ligand-introduced chip so as to conduct an SPR
measurement on an interaction. Also, an SPR measurement
was also conducted on an interaction with BSA and PSA so
as to observe a resonant angle change.

[0216] From the result, it became apparent that a ligand
which includes a sugar molecule collected thereon by a
synthesized biotin linker can be immobilized onto a chip
which includes avidin (neutroavidin) immobilized thereon
and makes it possible to analyze a specific interaction
between Con A and glucopyranose.

[0217] Further, it was concluded that the “2-channel
analysis method” using a ligand-introduced chip makes it
possible to cancel out a nonspecific interaction with a
protein. Also, as is the case with Con A, from the fact that
PSA serving as a glucopyranose recognition lectin had not
specifically interacted, it was found that even a lectin
capable of recognizing a sugar differs in binding degree from
a sugar molecule immobilized onto a chip.

[0218] Further, ligand-introduced chips were produced
which includes 4-Mal and 4-Glc of the present invention and
2-Mal and 2-Glc serving as a comparative example immo-
bilized thereon. Con A, BSA, PSA, RCA,,,, and PNA
solutions of various concentrations were flown onto the
ligand-introduced chips so as to observe a resonant angle
change by an SPR measurement.

[0219] Table 1 shows differences in interaction with a
lectin due to the collecting degrees of the sugar molecules.

Ligand Protein Kp/uM ke /sTM™ x 10* ky/s™ x 1072
4-Mal, 1.0xM ConA 0.59 £0.06 1.2=0.12 0.72 = 0.021
4-Gle

2-Mal, 1.0#M ConA 096 =£0.05 1.5=0.86 1.4 = 0.86
2-Gle

Ky, (kyk,): dissociation constant,
k,: binding velocity constant,
kq: dissociation velocity constant

[0220] Table 1 shows that the smaller the dissociation
constant (Kp) value is, the stronger the intermolecular
binding affinity is. Comparison of the dissociation constants
in respect to the same analyte by Table 1 indicates that the
system including four units of sugar molecules collected
therein has about %43 times as large a numerical value as the
system including two units of sugar molecules collected
therein. That is, it was confirmed that the bonding with Con
A became stronger by collecting more sugars.

[0221] The binding velocity constant (k,) and dissociation
velocity constant (k,) of Con A and those of the ligands were
compared for a further detailed examination, so that the
following became apparent. It was found that whereas there
was not a difference in binding velocity between Con A and
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the ligands, there was a comparatively big difference in
dissociation velocity in that the ligand having four units of
sugar molecules has about Y2 times as high dissociation
velocity as the ligand having two units of sugar molecules.
That is, it was found that the ligand having four units of
sugar molecules is less prone to dissociate Con A binding
thereto. When the number of sugar molecules to be collected
was increased, there was not a change in binding velocity.
However, this gave Con A more opportunities to rebind to
the ligand after dissociation, thereby lowering dissociation
velocity. It is conceivable that this caused the dissociation
constant to have a small numerical value. From the result, it
was confirmed that a linker compound of the present inven-
tion collects a sugar molecule and causes a cluster effect to
strengthen the bonding with a molecule which interacts.

[0222] Next, the sugar molecule being changed, an inter-
action between galactose and a galactose recognition lection
was analyzed. A ligand-introduced chip was used which
includes a neutroavidin chip and 4-Lac and 4-Gal immobi-
lized thereon. 4-Lac and 4-Gal differ from each other in the
presence of the end galactose obtained in (5-1). RCA,,, of
different concentrations and PNA were used to conduct the
same SPR measurement as described above. Con A, BSA,
PSA, RCA,,,, and PNA solutions of various concentrations
were flown onto the ligand-introduced chips, onto which
4-Lac and 4-Glc were respectively immobilized, to conduct
an SPR measurement so as to observe a resonant angle
change (D). From the observation results, it became appar-
ent that the use of a ligand including lactose collected
thereon makes it possible to analyze a specific interaction of
galactose with a galactose-binding lectin RCA,, and PNA.

[0223] The following can be said from the SPR measure-
ment result obtained above.

[0224] 1) A ligand including a sugar molecule collected
thereon by a linker synthesized in the present research could
be immobilized onto an SPR sensor chip through a biotin-
avidin (neutroavidin) bond.

[0225] 2) The “2-channel analysis method”, i.e., a method
which uses control ligands having the same structure except
asugar molecule at an end thereof, made it possible to cancel
out a nonspecific interaction, which makes the biggest
problem in an SPR measurement, so as to detect a specific
interaction between a sugar and a protein.

[0226] 3) The use of a sugar chip including sugar ligands
of different collecting rates immobilized thereon made it
possible to observe the reinforcement of the bonding of a
sugar molecule with a lectin by a cluster effect.

[0227] As described above, a linker compound of the
present invention collecting a sugar molecule, an aggregate
to be obtained (ligand-introduced chip) can be sufficiently
applied to analyzing an interaction between a lectin and a
sugar molecule by an SPR measurement.

EXAMPLE 6
Affinity Chromatography
[0228] (6-1 Preparation of an Affinity Column)

[0229] The ligand obtained in Example 4 was used to
produce an affinity column.

[0230] Following a general producing method of an affin-
ity column, an affinity column including the ligand 4-Mal,
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obtained in Example 4, immobilized thereto. As a column
carrier, Hitrap NHS-activated Hp (column volume 1 mL;
manufactured by Amersham Co., Ltd.) was used. The col-
umn carrier, including a gel matrix and N-hydroxysuccin-
imide serving as an active group immobilized thereon
through a spacer (10 mmol NHS group per 1 mL gel), is
suitable to immobilizing onto a carrier a compound having
an amino group. FIG. 6 is a schematic diagram showing the
steps for preparation of an affinity column.

[0231] Solutions were manually flown into a column with
a syringe of 1 mL or 5 mL (product name: Terumo Syringe,
sterilized by gamma rays 1 mL, 5 mL) so that the solutions
were flown from a bottom edge of the column at a flow rate
of one drop per second. Also, all the solutions were used
after filtration by a syringe filter (Millex-GS Syringe Drive
Filter Unit 0.22 um). The following solutions 1 to 3 were
produced as a buffer.

[0232] 1) Neutroavidin coupling buffer (an aqueous solu-
tion of 10 mM sodium acetate pH 5.5 containing 0.5 M
sodium chloride)

[0233] 2) Blocking buffer (an aqueous solution of 0.1 M
ethanolamine pH 8.3 containing 0.5 M sodium chloride)

[0234] 3) Washing buffer (an aqueous solution of 0.1 mM
sodium acetate pH 4.0 containing 0.5 M sodium chloride)

[0235] Through an activating column (Hitrap NHS-acti-
vated HP; manufactured by Amasharm Co., Ltd.) filled with
a gel carrier including N-hydroxysuccinimide immobilized
thereon, ice-cooled 1 mM hydrochloric acid (1 mL) was
flown so as to remove isopropanol which had been filled in
the column. Right after that, the 2.0 mg/mL neutroavidin
coupling buffer solution (1 mL) was flown through the
column. The column was sealed and left for 30 minutes at
room temperature. Then, the blocking buffer solution (6.0
mL) was flown through the column. The column was sealed
and left for 30 minutes at room temperature. Then, the
washing buffer solution (6 mL), the blocking buffer solution
(6 mL), and the PBS (6 mL) were sequentially flown.
Thereafter, a 0.5 mg/mL ligand (4-Mal, 1 mL) PBS solution
was flown through the column. The column was sealed and
left for 30 minutes at room temperature. Thereafter, the PBS
(5 mL) was flown so as to wash away an excess ligand.

[0236] (6-2 Affinity Chromatography)

[0237] The affinity column obtained in (6-1) was used to
separate a protein which interacts with a ligand from a
protein which does not interact with the ligand. The follow-
ing three kinds of protein were used.

[0238] BSA (SIGMA ALUBMUN, BOVINE)

[0239] Concanavalin A (Con A, SEIKAGAKU
KOGYO)

[0240] Pea Lectin (PSA, SEIKAGAKU KOGYO)

[0241] Tt is known from the SPR measurement result in
(5-3) of Example 5 that Con A firmly binds to 4-Mal and
dissociated by an aqueous solution of sodium hydroxide. It
is also known that PSA and BSA do not specifically interact
with 4-Mal.

[0242] 1t was expected from this that when a mixed
solution of the proteins is flown through the affinity column,
only Con A binds to 4-Mal to be retained by the column and
the others pass through the column without stopping and are
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eluted. The retained Con A may be eluted by flowing a PBS
solution containing sodium hydroxide through the column,
or may be eluted by flowing a glucose solution serving as a
binding-blocking reagent through the column. It is to be
noted that the steps for affinity chromatography are shown in
FIG. 7.

[0243] First, 1 mL of a protein-mixed PBS solution, so
produced that the final concentration of each protein is 1
mM, was flown through the column produced in (6-1). The
column was sealed and left for 5 minutes at room tempera-
ture.

[0244] Subsequently, PBS (5 mL) was flown through the
column, and the elution thereof was collected by 1 mL
(Mix-1.2.3.4.5). Next, 0.1 mM, 1.0 mM, 10 mM, and 1 M
glucose PBS solutions serving as a dissociation reagent were
sequentially flown by 5 mL, and the elution of each was
collected by 1 mL (0.1 Gle-1to 5,1 Gle-1 to 5, 10 Gle-1 to
5, and 1000 Gle-1 to 5 in order). PBS (5 mL) was flown
through the column so as to wash the column. Thereafter, a
10 mM sodium hydroxide PBS solution (5 mL) was flown
through the column, and the elution thereof was collected by
1 mL (NaOH-1.2.3.4.5).

[0245] (6-3 Identification of a Protein)

[0246] Absorbance of the fractions collected by the affin-
ity chromatography in (6-2) was measured at a wavelength
of 280 nm using an ultraviolet spectrometer. The fractions in
which absorption was recognized were subjected to SDS-
PAGE.

[0247] First, the following solutions were produced. It is
to be noted that all the solutions were used after filtration by
a syringe filter (Millex-GS Syringe Driver Filter Unit 0.22

[0248] 0.5 M Tris-HCl buffer solution pH 6.8

[0249] Electrophoretic-cell buffer solution (using an
electrophoresis buffer solution manufactured by nacalai
tesque)

[0250] Sample-adjusting buffer (SDS 0.3 mg, 2-mer-
captoethanol 0.3 mL, glycerin 6 mL, 50 mM Tris-HC1
buffer solution 3 mL, ion exchanged water 1 mL)

[0251] Marker pigment solution (bromphenol blue 1
mg, glycerin 0.1 mL, ion exchanged water 0.9 mL)

[0252] Coomassie brilliant blue stain solution (using a
rapid stain CBB Kit manufactured by nacalai tesque)

[0253] The fractions (1 mL) so collected were freeze-dried
and then mixed with the ion exchanged water (100 uL) so as
to dissolve the fractions again. The resultant solution (20 uL)
and a sample-adjusting buffer (10 uL) were mixed and
heated at 95° C. for 10 minutes to adjust a sample solution.
A ready-made gel (ATTO PAGEL-Compact AE-6000 (con-
taining SDS 12.5%)) was set in an electrophoretic cell filled
with the electrophoresis buffer solution. The marker pigment
solution (1 uL) and the denatured sample solution (10 uL)
were applied on each lane and electrophorased at a constant
current of 20 mA. As a standard, Prestained protein marker.
Low range (manufactured by nacalai tesque) was electro-
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phorased simultaneously. The gel was taken out after the
electrophoresis, immersed in the Coomassie brilliant blue
stain solution, and shaken for 50 minutes at room tempera-
ture (using a Bio Dancer manufactured by New Brunswick
Scientific Co., Ltd.). After the shaking, the gel was washed
with the ion exchanged water and further immersed in the
ion exchanged water at 60° C. for destaining. The gel so
detained was dried for preservation.

[0254] Specifically, 12.5% acrylamide gel (ATTO
PAGEL-Compact AE-6000) was used to perform SDS-
PAGE, and Coomassie brilliant blue was used for dyeing,
the result of which is shown in FIG. 8. FIG. 8 shows that
three bands, Con A band, PSA band, and BSA band are
detected in up to the Mix-2 fraction, and therefore indicates
that Con A, PSA and BSA bands were eluted. In the Mix-3
fraction, BSA and PSA bands disappeared and only Con A
band was detected. In the subsequent fractions, BSA and
PSA bands were not detected, and Con A band was detected
in all of the Mix-4, Mix-5, 10 Gle-1, and NaOH-2 fractions.
The result yielded two findings.

[0255] (1) BSA and PSA passed through the column
without being adsorbed. (Part of Con A, which was sup-
posed to be absorbed, was eluted because the protein was
applied in excess, and all the three proteins were detected
also in the Mix-2 fraction.)

[0256] (2) Amajority of Con A was retained by binding
to 4-Mal on the carrier, and eluted from the column
with an eluent.

[0257] As can be seen from the above result, an affinity
column including 4-Mal immobilized thereon was used to
selectively separate only Con A from a mixed solution of
Con A, PSA, and BSA.

[0258] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to
be included within the scope of the following claims.

INDUSTRIAL APPLICABILITY

[0259] As described above, a linker compound of the
present invention has four aromatic amino groups serving as
a moiety capable of taking in four or more units of sugar
molecules, and has a biotin moiety or a iminobiotin moiety
serving as a moiety capable of forming a bond with a
protein-analyzing supporter used to detect and separate a
protein which specifically interacts with a sugar molecule.
Also, the linker compound is hardly affected by a nonspe-
cific interaction with a protein.

[0260] Further, a ligand of the present invention includes
the linker compound and a sugar molecule introduced there-
into.

[0261] Therefore, the present invention, using the linker
compound and ligand, can be applied to the biotechnology
industry to detect interactions of biomolecules. The present
invention is particularly useful in fields where chip technol-
ogy and an affinity column are used. The present invention
is also useful in fields where a bioprobe and a biosensor are
used. Other applicable fields of the invention include the
pharmaceutical industry, and medical technology for diag-
nosis and inspections.
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1. A versatile linker compound of

a structure represented by following general formula (1),
where Y has a structure represented by O or NH, and

X has a structure serving as a multi-branched structure
moiety including four hydrocarbon derivative chains,
wherein the hydrocarbon derivative chains each
include an aromatic amino group at an end thereof, and
may or may not include a carbon-nitrogen bond in a
backbone thereof.

®

HN HN

X =
: S

(0]

2. The versatile linker compound according to claim 1,
where X has a structure represented by following general
formula (2), wherein m', m*, n', 0%, p', p>, p>, and p* are
independently an integer of 1 to 6.
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3. The versatile linker compound according to claim 2,
where m', m?, n*, 0, p*, p°, p°, and p* are all represented
by 2 in the general formula (2).

4. Aligand which comprises the aromatic amino group of
the linker compound according to claim 1 and a sugar
molecule introduced into the aromatic amino group.

5. The ligand according to claim 4, wherein said sugar
molecule is any one of a monosaccharide, an oligosaccha-
ride, and a polysaccharide.
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6. Aligand of a structure represented by following general

formula (3), where m*, m?, n', n?, p', p?, p>, and p* are
independently an integer of 1 to 6.
@R;\:
(CHZ)p \
(C 2)}) CH 1
(CHy)n o
NH
(CHZ)ml
RZ
R? (CHp)n?
HN
o)
H < O
N (CHZ)n2
CIARN /
(CHZ)p
g > 131
N~<
o)

R4

@

where Y has a structure represented by O or NH, and R, R?,
R?, and R* independently has a structure represented by

OH

OH
H— or {OH s

OH

34
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and R® R7, R® R, and R'° have a structure selected from
the group consisting of

OH OH
o o o—
HO— OH OH
* OH O0—°" on
OH OH

7. Aligand of a structure represented by following general
formula (4), where Y has a structure represented by O or NH,
and m*, m?, n', 0%, p*, p, p>, and p* are independently an
integer of 1 to 6.
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8. A producing method of a versatile linker compound,
comprising the steps of:

carrying out a condensation reaction between a biotin-
containing compound and an amine compound includ-
ing four branched chains each having an aromatic
amino group end protected by a protecting group; and

deprotecting the protecting group at the aromatic amino

group end.

9. A producing method of a ligand, comprising the step of
carrying out a reductive amination reaction by using the
linker compound of claim 1 and a sugar molecule.

10. A sugar molecule introducing method which com-
prises the step of causing a solution containing the ligand of
claim 4 to come into contact with a supporter including
streptoavidin or avidin immobilized on a surface thereof.

11. A ligand carrier which comprises the ligand of claim
4 immobilized on a surface of a supporter through a biotin-
avidin bond formed between a biotin moiety or iminobiotin
moiety and streptoavidin or avidin.

12. The ligand carrier according to claim 11, wherein the
supporter includes streptoavidin or avidin immobilized
thereon.

13. The ligand carrier according to claim 11 used as a
sensor chip for a surface plasmon resonance measurement.

14. The ligand carrier according to claim 11 used as a
column for affinity chromatography.

15. A method for a measurement of surface plasmon
resonance for detecting an interaction of a sugar molecule by
using a sensor chip which includes a supporter and a sugar
molecule immobilized on a surface thereof,

the method using at least two sensor chips including sugar
molecules which have different end structures,

said at least two sensor chips including: a first sensor chip,
which has a first sugar molecule, immobilized on a
surface of a supporter; and a second sensor chip, which
has a second sugar molecule whose end structure is
different from that of said first sugar molecule, immo-
bilized on a surface of a supporter,

wherein the method comprises the step of measuring a
difference between a detection result yielded by using
the first sensor chip and a detection result yielded by
using the second sensor chip.

16. The method for a measurement of surface plasmon
resonance according to claim 15, wherein a linker com-
pound is used to immobilize the sugar molecules on the
sensor chips.
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17. The method for a measurement of surface plasmon
resonance according to claim 15, wherein substantially a
same number of sugar molecules are immobilized on the
sensor chips.

18. A sugar molecule introducing method which com-
prises the step of causing a solution containing the ligand of
claim 6 to come into contact with a supporter including
streptoavidin or avidin immobilized on a surface thereof.

19. A ligand carrier which comprises the ligand of claim
6 immobilized on a surface of a supporter through a biotin-
avidin bond formed between a biotin moiety or iminobiotin
moiety and streptoavidin or avidin.

20. The ligand carrier according to claim 19, wherein the
supporter includes streptoavidin or avidin immobilized
thereon.

21. The ligand carrier according to claim 19 used as a
sensor chip for a surface plasmon resonance measurement.

22. The ligand carrier according to claim 19 used as a
column for affinity chromatography.

23. A sugar molecule introducing method which com-
prises the step of causing a solution containing the ligand of
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claim 7 to come into contact with a supporter including
streptoavidin or avidin immobilized on a surface thereof.

24. A ligand carrier which comprises the ligand of claim
7 immobilized on a surface of a supporter through a biotin-
avidin bond formed between a biotin moiety or iminobiotin
moiety and streptoavidin or avidin.

25. The ligand carrier according to claim 24, wherein the
supporter includes streptoavidin or avidin immobilized
thereon.

26. The ligand carrier according to claim 24 used as a
sensor chip for a surface plasmon resonance measurement.

27. The ligand carrier according to claim 24 used as a
column for affinity chromatography.

28. A method for a measurement of surface plasmon
resonance, wherein a linker compound of a structure of
claim 1 is used to immobilize the sugar molecules on the
sensor chips.



