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TECHNICAL FIELD

[0001] The present invention relates to 3-branched asparagine-linked oligosac-
charide derivatives, 3-branched asparagine-linked oligosaccharides, and 3-

branched oligosaccharides.

BACKGROUND ART

[0002] In recent years, molecules of oligosaccharides have attracted attention
as third chain life molecules following nucleic acids (DNA) and proteins. The hu-
man body is a huge cell society comprising about 60 trillion cells, and the surfaces
of all the cells are covered with oligosaccharide molecules. For example, ABO
blood types are determined according to the difference of oligosaccharides over

the surfaces of cells.

[0003] Oligosaccharides function in connection with the recognition of cells and
interaction of cells and are key substances for the establishment of the cell socie-
ty. Disturbances in the cell society lead, for example, to cancers, chronic diseases,

infectious diseases and aging.

[0004] For example, it is known that when cells cancerate, changes occur in the
structure of oligosaccharides. It is also known that vibrio cholerae, influenza virus,
etc. ingress into cells and cause infection by recognizing and attaching to a specif-

ic oligosaccharide.

[0005] Oligosaccharides are much more complex than DNA or proteins in struc-
ture because of the diversity of arrangements of monosaccharides, modes or sites
of linkages, lengths of chains, modes of branches and overall structures of higher
order. Accordingly, biological information derived from the structures thereof is
more diversified than is the case with DNA and proteins. Although the importance
of research on oligosaccharides has been recognized, the complexity and variety
of structures thereof have delayed progress in the research on oligosaccharides

unlike the studies on DNA and proteins.

[0006] E. Meinjohanns (J. Chem. Soc. Perkin Transl. 1998. pp. 549-560) et al.
prepared a 2-branched asparagine-linked oligosaccharide from bovine fetuin (bo-
vine-derived glycoprotein). They utilized a hydrazine decomposition reaction to

obtain a 2-branched oligosaccharide for use as the starting material. Since hydra-
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zine has high toxicity, the application of the oligosaccharide derivatives obtained
to pharmaceuticals involves problems as to safety because of the possibility of a
trace of hydrazine becoming incorporated into the derivative. 3-Branched aspara-

gine-linked oligosaccharides still remain to be prepared.

[0007] An object of the present invention is to provide a 3-branched aspara-
gine-linked oligosaccharide derivative wherein the nitrogen of the amino group of
asparagine is modified with a lipophilic protective group, biotin group or FITC

group and a process for preparing the derivative.

[0008] Another object of the invention is to provide a 3-branched asparagine-
linked oligosaccharide, a 3-branched oligosaccharide and processes for preparing

these compounds.

DISCLOSURE OF THE INVENTION

[0009] The present invention provides the following inventions.
1. A 3-branched asparagine-linked oligosaccharide derivative of the formula
(1) wherein the nitrogen of amino group of asparagine is modified with a lipo-

philic protective group, biotin group or FITC group
HOOC

H OHO HO
H RO Ac
H”c“l'l 0 OHE (o)
o
coou 0,
Hr(t)o HO OH OH
-" HQY &I% Asn-Q
o] HO (o]
HaC~n HO H ° ’b NHAc NHAc

wherein Q is a lipophilic protective group, biotin group or FITC group.

2. A 3-branched asparagine-linked oligosaccharide derivative which contains
at least one fucose in N-acetylglucosamine on the nonreducing terminal side of
the asparagine-linked oligosaccharide of the derivative.

3. A 3-branched asparagine-linked oligosaccharide obtained by removing the
lipophilic protective group, biotin group or FITC group from the above 3-
branched asparagine-linked oligosaccharide derivative.

4. A 3-branched oligosaccharide obtained by removing the asparagine moiety

from the above 3-branched asparagine-linked oligosaccharide.
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5. A microplate having immobilized thereto the above biotinated 3-branched
asparagine-linked oligosaccharide.
6. An affinity column having immobilized thereto the above biotinated 3-

branched asparagine-linked oligosaccharide.

[0010] We have developed processes for preparing 3-branched asparagine-
linked oligosaccharide derivatives, 3-branched asparagine-linked oligosaccharides
and 3-branched oligosaccharides by which various isolated 3-branched aspara-
gine-linked oligosaccharide derivatives can be prepared easily in large quantities
from bovine fetuin (a bovine-derived glycoprotein), and further novel 3-branched
asparagine-linked oligosaccharide derivatives, 3-branched asparagine-linked oli-
gosaccharides and 3-branched oligosaccharides wherein oligosaccharides deficient

in sugar residue as desired are linked.

[0011] The process for preparing a 3-branched asparagine-linked oligosaccha-
ride derivative is principally characterized by introducing a lipophilic protective
group into (or bonding the group to) 3-branched asparagine-linked oligosaccha-
rides included, for example, among the asparagine-linked oligosaccharides de-
rived from a natural glycoprotein, preferably, into those contained in a mixture of
asparagine-linked oligosaccharides to obtain a mixture of 3-branched asparagine-
linked oligosaccharide derivatives, and thereafter separating the mixture into the
individual 3-branched asparagine-linked oligosaccharide derivatives. The term an
"asparagine-linked oligosaccharide" as used herein refers to an oligosaccharide
having asparagine linked thereto. Further the term "oligosaccharides capable of
linking to asparagine"” refers to a group of oligosaccharides wherein N-
acetylglucosamine present at a reducing terminal is attached by N-glucoside link-
age to the acid amino group of asparagine (Asn) in the polypeptide of a protein
and which has Man(B1-4)GlcNac(B1-4)GlcNac as the core structure. The term an
"asparagine-linked oligosaccharide derivative" refers to an asparagine-linked oli-
gosaccharide wherein a lipophilic protective group is attached to asparagine moie-
ty. Further "AcHN" in the structural formulae of compounds refers to an acetam-

ido group.

[0012] As described above, the oligosaccharides derived from a natural glyco-
protein are a mixture of oligosaccharides which are randomly deficient in sugar
residue at a nonreducing terminal. We have unexpectedly found that by introduc-
ing a lipophilic protective group into the 3-branched asparagine-linked oligosac-

charides included among the oligosaccharides derived from a natural glycoprotein,
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more specifically, into those contained in a mixture of asparagine-linked oligosac-
charides, a mixture of 3-branched asparagine-linked oligosaccharide derivatives
having the protective group introduced thereinto can be easily separated into in-
dividual 3-branched asparagine-linked oligosaccharide derivatives by a known
chromatographic procedure. Accordingly, 3-branched asparagine-linked oligosac-

charide derivatives of the present invention can be prepared in large quantities.

[0013] Thus, individually separated 3-branched asparagine-linked oligosaccha-
ride derivatives can be derived from a mixture of asparagine-linked oligosaccha-
rides by introducing a lipophilic protective group into 3-branched asparagine-lined
oligosaccharides. This appears attributable to the fact that the introduction of the
lipophilic protective group improves the overall solubility of the 3-branched aspar-
agine-linked oligosaccharide derivatives in fats, for example, to result in a re-
markable improvement in the interaction between the derivatives and the re-
verse-phase column to be used favorably, consequently making it possible to sep-
arate the individual 3-branched asparagine-linked oligosaccharide derivatives by
sensitively distinguishing the derivatives from the difference in the structure of
oligosaccharide. For example, Fmoc group which is a lipophilic protective group
suitable to use in the present invention is extremely high in solubility in fats.
Stated more specifically, the fluorenyl skeleton of Fmoc group has a structure
comprising two benzene rings linked to a 5-membered ring in the center and hav-
ing exceedingly high fat solubility, and exhibits strong interaction, for example,
with the octadecyl group of ODS column which is one of reverse-phase columns,
making it possible to separate the 3-branched asparagine-linked oligosaccharide

derivatives which resemble in structure.

[0014] Further, it is possible to readily obtain large quantities of 3-branched
asparagine-linked oligosaccharides by removing the protective group from the
resulting 3-branched asparagine-linked oligosaccharide derivatives, and also large
quantities of 3-branched oligosaccharides by removing the asparagine moiety

from the 3-branched asparagine-linked oligosaccharides obtained.

[0015] A process for preparing a 3-branched asparagine-linked oligosaccharide
derivative modified with a lipophilic protective group is provided, the process in-
cluding:

(a) the step of introducing a lipophilic protective group into one or at least two

3-branched asparagine-linked oligosaccharides as contained in a mixture
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thereof to obtain a 3-branched asparagine-linked oligosaccharide derivative
mixture, and

(b) the step of subjecting to chromatography the 3-branched asparagine-
linked oligosaccharide derivative mixture or a mixture obtained by hydrolyzing
the 3-branched asparagine-linked oligosaccharide derivative or derivatives
contained in the 3-branched asparagine-linked oligosaccharide derivative mix-

ture to separate the derivative or derivatives.

[0016] The mixture containing one or at least two 3-branched asparagine-linked
oligosaccharides and to be used in the step (a) is not limited specifically insofar as
it is a mixture containing one or at least two oligosaccharides with asparagine
linked thereto. For example, the mixture can be one containing one or at least
two oligosaccharides having one or a plurality of asparagines attached thereto.
Especially useful is a mixture containing one or at least two oligosaccharides each
having asparagine attached to a reducing terminal. The term an "oligosaccharide"
as used herein refers to at least two desired monosaccharides bonded to each

other.

[0017] Such a mixture of 3-branched asparagine-linked oligosaccharides can be
obtained by preparing a mixture of glycoproteins and/or glycopeptides derived,
preferably, from a natural material such as bovine fetuin, adding to the mixture a
protease such as pronase (product of Wako Pure Chemical Industries, Ltd.) or
Actinase-E (product of Kaken Pharmaceutical Co., Ltd.), or a common enzyme
such as carboxypeptidase or aminopeptidase to effect a reaction under known
conditions, cut off the peptide portion and obtain a reaction mixture for use as the
mixture. Alternatively, the mixture can be obtained by removing components oth-
er than the asparagine-linked oligosaccharides from the reaction mixture by a
known method of purification, such as gel permeation chromatography, various
chromatographic procedures using, for example, an ion exchange column, or high

performance liquid chromatography (HPLC).

[0018] Using the mixture thus obtained and containing 3-branched asparagine-
linked oligosaccharides, a lipophilic protective group is introduced into the 3-
branched asparagine-linked oligosaccharides contained therein. The protecting
group is not particularly limited, and there can be used, for instance, a carbonate-
based or amide-based protecting group, such as Fmoc group, t-butyloxycarbonyl
(Boc) group, benzyl group, allyl group, allyloxycarbonate group, or acetyl group.

From the viewpoint that the resulting 3-branched asparagine-linked oligosaccha-
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ride derivative can be immediately used in the synthesis of a desired glycopep-
tide, the above protecting group is preferably Fmoc group, Boc group or the like,
more preferably Fmoc group. The Fmoc group is especially effective when there
exists in the oligosaccharide a sugar, such as sialic acid, which is relative unstable
under acidic conditions. The introduction of the protecting group may be carried
out according to a known process (for instance, Protecting Groups in Organic
Chemistry, John Wiley & Sons INC., New York 1991, ISBN 0-471-62301-6).

[0019] For instance, when Fmoc group is used, an appropriate amount of ace-
tone is added to the mixture containing 3-branched asparagine-linked oligosac-
charides, 9-fluorenylmethyl-N-succinimidyl carbonate and sodium hydrogencar-
bonate are further added thereto and dissolved, and thereafter the resulting mix-
ture is subjected to a binding reaction of Fmoc group to an asparagine moiety at
25 °C, whereby the Fmoc group can be introduced into the asparagine moiety of

the above 3-branched asparagine-linked oligosaccharide.

[0020] According to the procedures described above, a mixture of 3-branched
asparagine-linked oligosaccharide derivatives into which a lipophilic protecting

group is introduced is obtained.

[0021] The resulting mixture of 3-branched asparagine-linked oligosaccharide
derivatives having the lipophilic protective group introduced thereinto is then sub-
jected to known chromatography, especially to fractionating chromatography, to
separate the derivatives individually. The separation of the derivatives by chroma-
tography can be done by suitably using a known single chromatographic method

or combination of such chromatographic methods.

[0022] For instance, the resulting mixture of 3-branched asparagine-linked oli-
gosaccharide derivatives is purified by a gel filtration column chromatography,
and then purified by using HPLC. The column which can be used in HPLC is pref-
erably a reverse phase column, for instance, ODS, phenyl-based, nitrile-based, or
anion exchange-based column, and concretely, a monoQ column manufactured by
Pharmacia, Iatro-beads column manufactured by Iatron can be utilized. The sepa-
ration conditions and the like may be adjusted by referring to a known condition.
According to the above procedures, each of the desired 3-branched asparagine-
linked oligosaccharide derivatives can be obtained from the mixture of 3-branched

asparagine-linked oligosaccharide derivatives.
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[0023] 3-Branched asparagine-linked oligosaccharide derivatives having a de-
sired sugar chain structure can be obtained by transferring sugars (e.g., fucose)
to the various 3-branched asparagine-linked oligosaccharide derivatives obtained
above with a glycosyltransferase. For example, transfer of fucose with a glycosyl-
transferase affords a 3-branched asparagine-linked oligosaccharide derivative
having a desired sugar chain structure containing fucose. Further 3-branched as-
paragine-linked oligosaccharide derivatives having desired sugar chain structures
and different in mode of linkage can be obtained using different glycosyltransfer-

ases.

[0024] The fucose to be used is one generally available commercially, or one

prepared by chemical synthesis.

[0025] Examples of fucose transferases usable are those generally available
commercially, those naturally occurring and those prepared by genetic recombi-
nation. A suitable fucos transferase can be selected in accordance with the kind of
fucose to be transferred. A more specific example is Fucosyltransferase V (human
recombinant, plasma-derived, serum-derived, milk-derived or liver-derived) which
is an enzyme for transferring fucose to N-acetylglucosamine on the nonreducing
terminal of asparagine-linked oligosaccharides. Alternatively, fucose can be trans-

ferred using fucosidase and shifting equilibrium as by pH adjustment.

[0026] Further, a process for preparing various isolated 3-branched asparagine-
linked oligosaccharides in large quantities is provided. This process includes, sub-
sequently to the step of preparing 3-branched asparagine-linked oligosaccharide
derivative or derivatives of the foregoing process for preparing such derivative,
the step of removing the protective group from the resulting 3-branched aspara-

gine-linked oligosaccharide derivative or derivatives.

[0027] The removal of the protecting group from the asparagine-linked oligo-
saccharide derivative can be carried out in accordance with a known process (for
instance, see Protecting Groups in Organic Chemistry, John Wiley & Sons INC.,
New York 1991, ISBN 0-471-62301-6). For instance, when the protecting group is
Fmoc group, the Fmoc group can be removed by adding morpholine to the 3-
branched asparagine-linked oligosaccharide derivative in N,N-dimethylformamide
(DMF) to carry out the reaction. On the other hand, Boc group can be removed by

a reaction with a weak acid. After the removal of the protecting group, a 3-
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branched asparagine-linked oligosaccharide may be properly obtained by purifying
a reaction mixture by a known process such as various chromatographies employ-
ing a gel filtration column, an ion exchange column or the like or a process of

separation by HPLC as desired.

[0028] In case the protecting group is a benzyl group, the removal of the benzyl
group from the asparagine-linked oligosaccharide derivative can be carried out in
accordance with a known process (for instance, see Protecting Groups in Organic
Chemistry, John Wiley & Sons INC., New York 1991, ISBN 0-471-62301-6).

[0029] The present invention provides an asparagine-linked oligosaccharide
wherein a 3-branched asparagine-linked oligosaccharide has a biotinated or FITC-

bonded amino group nitrogen atom.

[0030] The term "biotination" refers to the formation of an amide bond by the
reaction of the amino group of 3-branched asparagine-linked oligosaccharide with

the carboxyl group of biotin (vitamin H).

[0031] The term "FITC bonding," refers to the formation of isothioamide bond
by the reaction of the amino group of 3-branched asparagine-linked oligosaccha-

ride with the isothiocyanate group of fluorescein isothiocyanate (FITC).

[0032] A process for preparing an asparagine-linked oligosaccharide wherein a
3-branched asparagine-linked oligosaccharide has a biotinated or FITC-bonded

amino group nitrogen atom is also provided.

[0033] The process for preparing a biotinated or FITC-bonded asparagine-linked
oligosaccharide can be practiced, for example, by biotinating or bonding to FITC
the amino group nitrogen of asparagine in the 3-branched asparagine-linked oli-

gosaccharide isolated as described above.

[0034] The biotination can be effected by a known process. A biotinated 3-
branched asparagine-linked oligosaccharide can be obtained, for example, by dis-
solving a 3-branched asparagine-linked oligosaccharide in water, adding sodium
bicarbonate to the solution, adding dimethylformamide having D-(+)-
biotinylsuccinimide dissolved therein to the mixture, reacting the resulting mix-
ture at room temperature for 20 minutes, and purifying the reaction mixture by a

gel permeation column or the like.
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[0035] The present invention provides a microplate having a biotinated 3-
branched asparagine-linked oligosaccharide immobilized thereto. The microplate
can be produced by reacting a biotinated 3-branched asparagine-linked oligosac-
charide with an avidinated microplate (e.g., product of Pierce) commercially avail-

able.

[0036] The invention also provides an affinity column having immobilized there-
to a biotinated 3-branched asparagine-linked oligosaccharide. The column can be
produced by reacting a biotinated 3-branched asparagine-linked oligosaccharide

with an avidinated affinity column commercially available.

[0037] A 3-branched asparagine-linked oligosaccharide can be bonded to FITC
according to the invention by a known process, for example, by dissolving the 3-
branched asparagine-linked oligosaccharide in water, adding acetone and sodium
bicarbonate to the solution, adding fluorescein isothiocyanate to the mixture, re-
acting the resulting mixture at room temperature for 2 hours, and purifying the

reaction mixture such as by gel permeation column.

[0038] The FITC-bonded 3-branched asparagine-linked oligosaccharide obtained
by the invention is useful for the research on acceptors of saccharides in the living

body tissues and for the research on the sugar bond specificity of lectin.

[0039] The removal of the asparagine moiety from the 3-branched asparagine-
linked oligosaccharide can be carried out in accordance with a known process. For
instance, the 3-branched asparagine-linked oligosaccharide is reacted with anhy-
drous hydrazine and then acetylated to remove the asparagine moiety, whereby
3-branched oligosaccharide can be obtained. Also, 3-branched oligosaccharide can
be also obtained by refluxing the 3-branched asparagine-linked oligosaccharide
with heating in a basic aqueous solution and thereafter acetylating the 3-
branched asparagine-linked oligosaccharide to remove the asparagine moiety.
After the removal of the asparagine moiety, the oligosaccharide may be purified
appropriately by a known process such as various chromatographies employing a
gel filtration column, an ion exchange column or the like, and a separation pro-

cess by HPLC as desired.

[0040] As described above, according to the present invention, the 3-branched

asparagine-linked oligosaccharide derivative, the 3-branched asparagine-linked
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oligosaccharide and the 3-branched oligosaccharide (hereinafter these three
terms are collectively referred to as "oligosaccharide series” in some case) each
having a desired oligosaccharide structure can be prepared at a low cost, effi-

ciently and in a large amount.

[0041] The oligosaccharide series of the invention are very useful in the field of
development of pharmaceuticals. For example, vaccines for cancers are an exam-
ple of application to the development of drugs. It is known that cells developing
cancer produce an oligosaccharide which is not found in the living body. It is also
known that when chemically prepared and given to the human body as a vaccine,
such an oligosaccharide inhibits the growth of cancer. If the desired oligosaccha-
ride series can be produced according to the invention, it is possible to prepare a
vaccine which is effective for treating cancer. The oligosaccharide series obtained
by the invention can further be made into derivatives by attaching novel sugar
residues thereto through combinations of chemical reactions and reactions of sug-

ar transferases for the preparation of novel vaccines.

[0042] While for example, erythropoietin (EPO) which is a glycoprotein is used
as a drug for treating anemia because of the ability thereof to proliferate erythro-
cytes, it has been found that EPO fails to exhibit activity when having no oligosac-
charide bonded thereto. Thus, proteins include those exhibiting physiological ac-
tivity when having an oligosaccharide bonded thereto, so that it is possible to
prepare a protein in a large quantity by an E. coli expression system which is in-
capable of bonding oligosaccharides to the protein, and subsequently introducing
an oligosaccharide prepared by the invention and having a desired structure into
the protein for causing the protein to exhibit a physiological activity. Alternatively,
a novel glycoprotein having novel physiological activity can be synthesized by
introducing 3-branched oligosaccharides prepared by the invention and having

various structures into a desired protein.

[0043] Furthermore, oligosaccharides present in natural glycoproteins can be
replaced with 3-branched oligosaccharides prepared by the invention to thereby
give novel physiological activity to the glycoprotein. Useful as a technique for re-
placing the oligosaccharide present in glycoproteins by the 3-branched oligosac-
charide obtained by the invention is, for example, the process disclosed in P.
Sears and C.H. Wong, Science, 2001, vol. 291, pp. 2344-2350. With this process,
the glycoprotein is treated with B-N-acetylglucosaminidase (Endo-M) so as to

permit only one N-acetylglucosamine moiety to remain bonded to the asparagine
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moiety on the surface of the glycoprotein. Subsequently, a desired 3-branched
oligosaccharide obtained by the invention is bonded to the N-acetylglucosamine
moiety using B-N-acetylglucosaminidase (Endo-M). It is also possible to prepare a
glycoprotein having N-acetylglucosamine moiety utilizing an E. coli expression
system and using tRNA having N-acetylglucosamine bonded thereto, and to
thereafter introduce a desired 3-branched oligosaccharide obtained according to

the invention into the glycoprotein with use of Endo-M.

[0044] Presently, the use of glycoproteins as therapeutic drugs involves the
problem that the glycoprotein administered is metabolized at a high rate because
when sialic acid is removed from the oligosaccharide terminal of the glycoprotein
in vivo, the glycoprotein is metabolized immediately in the liver. For this reason,
there is a need to give the glycoprotein in a considerable amount. It is therefore
possible to control the rate of metabolism in the living body and to decrease the
dose of glycoprotein to be given by preparing an oligosaccharide according to the
invention, with sialic acid which is difficult to remove incorporated therein at its
terminal, and introducing the oligosaccharide into the contemplated glycoprotein

with use of Endo-M.

BEST MODE OF CARRYING OUT THE INVENTION

[0045] The present invention will be described with reference to the following

examples, but is not limited to these examples.

Example 1

[0046] Fetuin (1 g, Sigma Corp.) was dissolved in phosphate buffer (7.0 in pH,
40 ml), and NaN; (10 mg) was thereafter added to the solution. To the mixture
was added Orientase ONS (HBI Enzymes Inc, 1.5 g), and the resulting mixture
was allowed to stand at 50 °C for about 12 hours. The completion of reaction was
confirmed by TLC, and the reaction mixture was thereafter filtered with cerite.
The filtrate was concentrated, and the concentrate was purified by gel permeation
column chromatography (Sephadex G-25, 2.5 x 100 cm, H,0). The fraction con-
taining the desired oligosaccharide was collected, concentrated and then freeze-
dried. To the resulting residue (about 300 mg) were added a Tris-hyrochloric acid-
calcium chloride buffer solution (7.5 in pH, 20 ml) and NaNs (10 mg) to obtain a
solution. To the solution was added Actinase E (163 mg), and the mixture was
allowed to stand for 48 hours while being checked for pH at intervals of 12 hours.

After the completion of reaction was confirmed by TLC, the reaction mixture was
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filtered with cerite, the filtrate was concentrated, and the concentrate was purified
by gel permeation column chromatography (Sephadex G-25, 2.5 x 100 cm, H,0).
The fraction containing the desired oligosaccharide was collected, concentrated
and then freeze-dried. To the resulting residue was added 40 mM HCI solution,
and the mixture was allowed to stand at 80°C for 1 hour and then neutralized.
The reaction mixture was concentrated, and the concentrate was purified by gel
permeation column chromatography (Sephadex G-25, 2.5 x 100 cm, H,0). The
fraction containing the desired oligosaccharides was collected, concentrated and
then freeze-dried. The resulting residue was dissolved in water, and sodium bi-

carbonate was added to the solution.

[0047] Dimethylformamide containing Fmoc-OSu dissolved therein was then
added to the mixture, followed by reaction at room temperature for 1 hour. After
the disappearance of the material was confirmed by TLC (isopropanol:1 M ammo-
nium acetate aqueous solution = 3:2), the reaction mixture was concentrated
using an evaporator. The residue was purified by gel permeation column (f 20 mm
x 300 mm, Sephadex G-25, water). The fraction containing the desired oligosac-
charide was collected, concentrated and freeze-dried. The resulting residue was
purified by a HPLC fractionating column (YMC-Pack R & D ODS, D-ODS-5-A, 20 x
250 mm, AN/25 mM AcONH,4 buffer = 18/82, 7.5 ml/min, wavelength 274 nm).
The peak of the main fraction eluted 35 minutes thereafter was collected, concen-
trated and then desalted by an ODS column. The product was freeze-dried to col-
lect the resulting 3-branched oligosaccharide (1.0 mg, 0.42 mmole), which was
then dissolved in 50 mM of cacodylic acid buffer (6.0 in pH, 250 ml), and bovine
serum albumin (BSA, 1 mg) was then added to the solution. To the mixture were
added CMP-sialic acid (3.9 mg, 6.1 mmoles) and alkaline phosphatase (1 ml, 25
units), and the resulting mixture was stirred uniformly. Finally, a2,6-
sialyltransferase (CALBIOCHEM Inc., 100 ml) was added to the mixture, and the
resulting mixture was allowed to stand at 37° C for 36 hours. The reaction was
terminated when the starting material almost disappeared while the reaction mix-
ture was being monitored by HPLC, and the reaction mixture was filtered with a
membrane filter. The filtrate was concentrated to reduce the quantity thereof and
thereafter purified by a HPLC fractionating column (YMC-Pack R&D ODS, D-ODS-
5-A, 20 x 250 mm, AN/25 mM AcONH, buffer = 18/82, 7.5 ml/min., wavelength:
274 nm). The desired 3-branched trisialooligosaccharide was eluted in 11

minutes. The fraction was collected, desalted by an ODS column, concentrated
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and freeze-dried to obtain 250 mg of the desired product (18.5%).
HOHOHOOC HO
HOQIab HQ&N_ NHAc 0 -
H3CT'NH HO' 0H§ 8 0 ‘ .
g >,
o ﬂpoﬁL\

HQ) OH OH I-I
‘?Z;Qfl &‘_‘.{’&o cg:Z;Q( ‘é\vﬁ’

O~,.0

Hach HO NHAc NHAco COOH
NHACHO o
HO ' OH HO
NHAc
Hac“’ HO "'°

[0048] The structure of the above oligosaccharide is shown below. NeuAc: sialic
acid, Gal: D-galactose, GIcNAc: N-acetylglucosamine, Man: D-mannose, Asn: as-
paragine

NeuAc a2+ 6Gal 814G cNAc B 1= 2Man a I\

NeuAc a2+ 6Gal B 1=4G1cNAc 8 In, bMan B 1=4GIcNAc B 1= 4G]chAc»Asn-Fmoc

Man o 1’(3

NeuAc a 2= 6Gal 8 1461 cNAc 8 17

[0049] The 'H-NMR data for the resulting compound are as follows.

'H NMR (400MHz, D,0, 30°C, HOD=4.81)

d 7.90(d, 2H, Fmoc), 7.70(d, 2H, Fmoc), 7.50(dd, 2H, Fmoc), 7.42(dd, 2H,
Fmoc), 5.11(s, 1H, Man4-H1), 4.97(d, 1H, GIcNAc1-H1), 4.91(s, 1H, Man4'-H-1),
4.75(s, 1H), 4.45-4.60(m), 4.42(bd, 3H), 4.33(1H, Fmoc), 4.20(m, 3H),
4.09(bs), 4.10(m, 2H), 2.60-2.80(m, 4H, Asn-bCH, NeuAc7,7',7"-H3eq), 2.40-
2.60(m, 1H, Asn-bCH), 2.11, 2.08, 2.05, 2.01, 1.86(each s, Ac), 1.77(ddd, 3H,
NeuAc7,7',7"-H3ax)

Example 2

[0050] The compound prepared in Example 1 was dissolved, in an amount of 2
nmoles, in about 10 pl of Tris-hydrochloric acid buffer. To the solution were added
200 nmoles of GDP-fucose and 0.5 mU of Fucosyltransferase V (human recombi-
nant), and the mixture was allowed to stand at 37° C for about 2 hours for reac-
tion. The reaction mixture was diluted with 20 ul of ultrapure water and thereafter
subjected to capillary electrophoresis (fused silica capillary, 50 mm i.d., 60 cm,
buffer: 100 mM Tris-borate, 8.3 in pH, 100 mM heptane sulfonate, applied voltage
27 kV, temp. 25° C, 214 nm) for separation to obtain a 3-branched asparagine-
linked oligosaccharide derivative containing fucose.
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Fue a Iy
3
NeuAc a2+ 6Gal 8 1= 4G cNAc B 1--2Man o I\
6
NeuAc a 2-+=6Gal 8 1-=4GIcNAC B Iy ?Man B 17 4GlcNAc B 1= 4G] cNAc=Asn-Fmoc
4 :
Man 1/
/2
NeuAc a2—=6Gal 8 [=4GIcNAc B |
/3
Fucal

Fuc a Iy
Neude a2 6Gal 8 ]"‘4G|§NJ\CB |-=2Man a Iy
6
NeuAc a 2-=6Gal 8 1-~4GlcNAc 8 Iy 3ManB == 4Gl cNAc B 1461 cNAc—=Asn-Fmoc
4
Man o I/
/2
NeuvAc a 2-6Gal B 1=4ClcNAc B |

Neude a2 6Gal 8 1= 4G cNAc 8 1=~ 2Man o I\

NeuAc @ 2~ 6Gal B 1=—4GlcNAc B N 2Man B 1= 4G1cNAc B 1= 461 eNAc—=Asn-Fmoc
Man al/!

Neusc a2 6Gal 8 1-=4Glghic 8 e

Fuc e ],

Example 3 (biotination)

[0051] First, 240 pL of N,N-dimethylformamide and 160 pL of morpholine were
added to the asparagine-linked oligosaccharide Fmoc compound obtained in Ex-
ample 1 per umole of the latter, and the mixture was reacted at room tempera-
ture in an argon atmosphere. The completion of reaction was confirmed by TLC
(developer solvent used: 1 M ammonium acetate:isopropanol=8:5), and the reac-
tion mixture was cooled with ice water. To the reaction mixture was added diethyl
ether in 10 times the amount of the mixture, followed by stirring for 15 minutes,
and the precipitate separating out was filtered off. The residue obtained was dis-
solved in water, and the solution was evaporated at 35°C. With addition of 3 mL
of toluene, the resulting residue was further evaporated. This procedure was re-
peated three times. The resulting residue was purified by gel column chromatog-
raphy (Sephadex G-25, H,0) to obtain an asparagine-linked oligosaccharaide hav-

ing Fmoc group deprotected.

[0052] The above compound (6 mg, 2.58 pmoles) was dissolved in water (300
pl), and sodium bicarbonate (2.1 mg, 24.9 umoles) was added to the solution. A
solution of D-(+)-biotinylsuccinimide (4.2 mg, 12.3 pmoles) in dimethylforma-
mide (300 ul) was added to the mixture, followed by reaction at room tempera-
ture for 20 minutes. The disappearance of the starting material was confirmed by

TLC (isopropanol:1M ammonium acetate aqueous solution=3:2), and the reaction
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mixture was concentrated using an evaporator. The residue was purified with a
gel column chromatography (Sephadex G-25, water), affording the following bio-

tinated 3-branched asparagine-linked oligosaccharide derivative (6.2 mg, 94%).

udiooe Lo
HO1 (s) O NHAC
HyCNHHO OHEO%"O o
o HpSQ A
HQHO  COOH ° OH OH
ML oo el gt gt A N
H.C. NH 0\ o HO HO (o] $
™M HO  ho o 0 o NHAe NHAcp 0
0 Hooc NHAc HO COOH
Hoe o 0
o3 0&4?0 NHAc
HRki HO> “OH
H3C~|.r HO
0

NeuAc @ 2-=6Gal 814Gl cNAC B 1=2Man a Iy .
6
NeuAc @ 2-=6Gat B I-=4GIcNAC B Iy 3l\ian B I=-4GlcNAc 3 1=~ 4GIcNAc=Asn-Biotin
4
Mana 17
/2
NeuAc @ 2—=6Gal B3 1-=4GlcNAc B 1

Example 4 (FITC bonding)

[0053] An asparagine-linked oligosaccharide having Fmoc group deprotected
was obtained in the same manner as in Example 3. The above compound (1.4
mg, 0.60 pmol) was dissolved in 70 pul of purified water, and 70 pL of acetone and
NaHCOs (0.76 mg, 9 umoles) were added thereto and stirred at room tempera-
ture. Fluorescein isothiocyanate (FITC, 0.95 mg, 2.4 mmoles, product of Sigma
Corp.) was added to the solution and the mixture was stirred for about 2 hours.
After 2 hours, the completion of the reaction was confirmed by TLC, acetone was
removed at a reduced pressure and the remaining aqueous solution was purified
by gel column chromatography (Sephadex G-25, H,0) to collect desired fraction.
The fraction was concentrated and purified by HPLC (YMC-pack ODS-AM, SH-343-
5AM, 20 x 250 mm, AN/25 mM AcONH, buffer=10/90, 7.5 ml/min., wave length:
274 nm). The fraction obtained was concentrated and desalted by gel column
chromatography (Sephadex G-25, H,0). The desired fraction was collected, con-
centrated and freeze-dried to obtain the following fluoresceined (FITC-bonded) 3-

branched asparagine-linked oligosaccharide derivative (1.2 mg, 73.5% yield).
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H, 11 HO &"ﬂ‘ NHAC NHAco COOH

NHAcH
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HO on HD 0o
NHAc
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NeuAc e 2-=66al 8 1-=4G1cNAc B 1= Han @ Iy ‘

NevAc o 2-+6Gal B 1-+=4GIcNAC B Iy 6Man B 17 4GicNAc B 174Gl cNAc*Asn-FITC
4Mana 113

Neuc a 2-=6Gal 8 1+~4G1cNAc 8 1”7

Example 5 (Preparation of microplate)

[0054] The biotinated asparagine-linked oligosaccharide of Example 3 in an
amount of 100 pg (corresponding to about 10 times the biotin bonding ability)
was dissolved in distilled water to obtain 1000 pl solution. The solution thus ad-
justed was placed into the wells of 96-well BD BioCoat Streptavidin (product of BD
Bioscience Corp. for bioassay, bonding ability: 5 ng/well) in an amount of 10
pl/well, and the wells were washed with distilled water three times to prepare a
microplate. The bonding yield of the biotinated oligosaccharide was at least 95%.
The fixation rate was calculated from the quantity of oligosaccharide remaining

unfixed.

Example 6 (Preparation of affinity column)

[0055] Avidin-coated beads (product of Hitachi Software Engineering Co., Ltd.,
XMAP LumAvidin Development Microspheres 1 ml) in an amount of 10 ml and 30
mg of biotinated asparagine-linked oligosaccharide of Example 3 were stirred in
the form of a slurry, and the beads were filtered off and washed. Washing was
done using distilled water in an amount twice the volume of the beads, three
times on filter paper. Fixation was confirmed from the amount of remaining bio-
tinated oligosaccharide collected by washing. Subsequently, 10 ml of beads hav-
ing the biotinated asparagine-linked oligosaccharide fixed thereto and 30 ml of
distilled water were packed in the form of a slurry into an open chromatographic
glass column (20 mm in diameter, 300 mm in length) to produce an affinity col-

umn.

INDUSTRIAL APPLICABILITY
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[0056] The present invention provides 3-branched asparagine-linked oligosac-
charide derivatives, as isolated and useful in the field of developing pharmaceuti-
cal products, in large quantities with much greater ease than the prior art. In ad-
dition to these derivatives, the invention further provides isolated 3-branched as-
paragine-linked oligosaccharides and 3-branched oligosaccharides in large quanti-

ties with much greater ease than conventionally.

[0057] Utilizing the specificity of biotin-avidin bond, the invention further pro-
vides an oligosaccharide microchip easily merely by reacting a plurality of bio-
tinated oligosaccharides on an avidinated microplate, whereby protens can be

clarified which have ability to bond to a specific oligosaccharide.

[0058] In order to isolate and purify a specific protein, a specific biotinated oli-
gosaccharide is bonded and fixed to an avidinated affinity column, and a mixture
containing a protein having ability to specifically bond to the biotinated oligosac-
charide is passed through the column, whereby the desired protein only can be

isolated.

[0059] The FITC-bonded asparagine-linked oligosaccharide obtained by the in-
vention is useful for the research on acceptors of saccharides in the living body

tissues and for the research on the sugar bond specificity of lectin.



10

15

20

25

ﬂo&n_ NHAe
T H3c*n OHWO '
)

DK/EP 1577324 T3

18

Patentkrav

1. Tregrenet asparaginbundet oligosakkaridderivat med formlen (1), hvori kveel-
stoffet i aminogruppen af asparagin er modificeret med en lipofil beskyttelses-

gruppe, biotingruppe eller FITC-gruppe,

d'IOOC

H HO

HO
oSS
0
OHO ‘:‘ gc EOH OH
h. ég,Asn'Q
HaG lﬁ HHO ? JZQ( NHA: NHAC °
HOOC NHAGHO S
Hol'9 w-;'\;‘,’a/

‘Hsc -lle 7 HO NHAe
o]

hvori Q er en lipofil beskyttelsesgruppe, biotingruppe eller FITC gruppe.

2. Tregrenet asparaginbundet oligosakkaridderivat ifglge krav 1, som indeholder
mindst en fucose i N-acetylglucosamin p&@ den ikke-reducerende terminalside af

det tregrenede asparaginbundne oligosakkarid af derivatet.

3. Tregrenet asparaginbundet oligosakkaridderivat ifglge krav 1 eller 2, hvori den

lipofile beskyttelsesgruppe er en Fmoc-gruppe.

4. Tregrenet asparaginbundet oligosakkarid opndet ved fjernelse af asparaginde-
len fra et tregrenet asparaginbundet oligosakkarid, som er f3et ved fjernelse af
den lipofile beskyttelsesgruppe, biotingruppe eller FITC-gruppe fra det tregrenede

asparaginbundne oligosakkaridderivat ifglge krav 1 eller 2.

5. Mikroplade med et derp@ immobiliseret biotineret tregrenet asparaginbundet

oligosakkarid ifglge krav 1 eller 2.

6. Affinitetssgjle med et derp@ immobiliseret biotineret tregrenet asparaginbundet

oligosakkarid ifglge krav 1 eller 2.
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