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DESCRIPTION

Technical Field

[0001] The present invention relates to crystals of an oligosaccharide useful, for example, as
raw materials for or as intermediates of health foods, pharmaceutical compositions, cosmetics,
etc. and a process for producing crystals of an oligosaccharide.

Background Art

[0002] Oligosaccharides are useful, for example, as raw materials for or as intermediates of
health foods, pharmaceutical compositions, cosmetics, etc. Therefore, there is a demand for
oligosaccharides of good storage stability and of high purity which do not contain impurities,
decomposition products or the like. Some reports have been made on methods for synthesis
or fermentation of oligosaccharides [Chem. Rev., Vol. 100, p. 4465 (2000); Curr. Opin. in Drug
Discovery & Develop., Vol. 3, p. 756 (2000); WO98/12343; WO99/40205]. In these methods,
end products are usually obtained as powders (amorphous) by freeze-drying treatment, and
obtaining them as crystals is considered to be difficult. The powders (amorphous) obtained by
freeze-drying treatment are generally known to have a problem in respect of stability because
of their hygroscopicity, deliquescence, etc., and thus need to be refrigerated or frozen when
stored, transported, distributed, etc. Therefore, there exists a demand for crystals of an
oligosaccharide capable of being stored at ordinary temperatures and a process for production
thereof for a large supply of oligosaccharides on an industrial scale.

[0003] Kuhn et al. (Chemische Berichte,1956 vol. 89(11),pp 2513-23) discloses the
crystallisation of Fucosyllactose and Imberty et al. (carb. Res. 181(1988) 41-55) the
crystallisation of panose. Another known example of crystals of an oligosaccharide is crystals
of Lewis X [Gal B1, 4 (Fucal, 2) GIcNAc], and a process for production thereof is known
[Glycobiology, Vol. 6, p. 537 (1996)]. However, the process takes an extremely long time as
two years for crystallization, and thus is not suitable for large-scale synthesis or
industrialization. Therefore, there exists a demand for a process for producing crystals of an
oligosaccharide capable of crystallization in a short time.

Disclosure of the Invention

[0004] An object of the present invention is to provide crystals of an oligosaccharide useful, for
example, as materials for or as intermediates of health foods, pharmaceutical compositions,
cosmetics, etc. and a process for producing crystals of an oligosaccharide which is suitable for
large-scale synthesis or industrialization.
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[0005] The present invention relates to the following (1) to (11).

1. (1) A process for producing crystals of an oligosaccharide which comprises adding an
aqueous solution containing an oligosaccharide represented by general formula (1):
R'“R-R™“R*-Gal B1,4Gle =~ (D)
[wherein Gal represents galactose (hereinafter abbreviated in the same manner); Glc

represents glucose (hereinafter abbreviated in the same manner); R represents GIcNAc
(wherein GIcNAc represents N-acetylglucosamine, which is hereinafter abbreviated in
the same manner), NeuAc (wherein NeuAc represents N-acetylneuraminic acid, which is
hereinafter abbreviated in the same manner), Gal, Fuc (wherein Fuc represents fucose,
which is hereinafter abbreviated in the same manner) or GalNAc (wherein GalNAc
represents N-acetylgalactosamine, which is hereinafter abbreviated in the same

manner); R2, R3 and R4 which may be the same or different, each represent a single

bond, GIcNAc, NeuAc, Gal, Fuc or GaINAc; and R® represents a hydrogen atom,
GIcNAc, NeuAc, Gal, Fuc or GalNAc] to a water-miscible organic solvent, wherein the
water-miscible organic solvent is methanol or acetone.

2. (2) The process for producing crystals of an oligosaccharide according to (1), wherein

R2, R3 and R4 which may be the same or different, each are GIcNAc, NeuAc, Gal, Fuc
or GalNAc.
3. (3) The process for producing crystals of an oligosaccharide according to (1), wherein

R%is a single bond.
4. (4) The process for producing crystals of an oligosaccharide according to (1), wherein

R3 and R% each are a single bond.
5. (5) The process for producing crystals of an oligosaccharide according to (1), wherein

R2, R3 and R% each are a single bond.
6. (6) The process for producing crystals of an oligosaccharide according to (3), wherein

R'is GIcNAc; R? is Gal; R3 is GIcNAc; and R%is a hydrogen atom.
7. (7) The process for producing crystals of an oligosaccharide according to (4), wherein

R'is NeuAc or Gal; R? is GIcNAc or GalNAc; and R® is a hydrogen atom.
8. (8) The process for producing crystals of an oligosaccharide according to (5), wherein

R'is GIcNAc, Gal, NeuAc or Fuc; and R®is a hydrogen atom or GalNAc.
9. (9) The process for producing crystals of an oligosaccharide according to (1), wherein at

least one of R!, R2, R3, R* and R® is a deoxy sugar residue, and the aqueous solution
containing an oligosaccharide is an aqueous solution obtained by treatment with a
synthetic adsorption resin.

10. (10) The process for producing crystals of an oligosaccharide according to (9), wherein
the deoxy sugar residue is Fuc.

11. (11) The process for producing crystals of an oligosaccharide according to (9), wherein

R'is Fuc; R, R3 and R* each are a single bond; and R® is a hydrogen atom.
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[0006] Described herein are the following (a) to (x).

1. (a) A process for producing crystals of an oligosaccharide comprising three or more
monosaccharide residues which comprises adding an aqueous solution containing the
oligosaccharide comprising three or more monosaccharide residues to a water-miscible
organic solvent.

2. (b) A process for producing crystals of an oligosaccharide which comprises adding an
aqueous solution containing an oligosaccharide represented by general formula (1):

R-RZR“R-Gal B14Gle ()
RS
[wherein Gal represents galactose (hereinafter abbreviated in the same manner); Glc

represents glucose (hereinafter abbreviated in the same manner); R represents a
monosaccharide residue, an amino sugar

residue, or a derivative of the monosaccharide residue or the amino sugar residue; R2,

R3 and R% which may be the same or different, each represent a monosaccharide
residue, an amino sugar residue, a derivative of the monosaccharide residue or the
amino sugar residue, -X(-Y)- (wherein X and Y, which may be the same or different,
each represent a monosaccharide residue, an amino sugar residue, or a derivative of

the monosaccharide residue or the amino sugar residue) or a single bond; and RS
represents a hydrogen atom, a monosaccharide residue, an amino sugar residue, or a
derivative of the monosaccharide residue or the amino sugar residue] to a water-
miscible organic solvent.

3. (c) The process for producing crystals of an oligosaccharide according to the above (b),

wherein R' is GIcNAc (GIcNAc represents N-acetylglucosamine, which is hereinafter
abbreviated in the same manner), NeuAc (NeuAc represents N-acetylneuraminic acid;
which is hereinafter abbreviated in the same manner), Gal, Fuc (Fuc represents fucose,
which is hereinafter abbreviated in the same manner) or GalNAc (GalNAc represents N-
acetylgalactosamine, which is hereinafter abbreviated in the same manner); R2 R3 and
R?, which may be the same or different, each are a single bond, GIcNAc, NeuAc, Gal,

Fuc or GalNAc; and R® is a hydrogen atom, GIcNAc, NeuAc, Gal, Fuc or GalNAc.

4. (d) The process for producing crystals of an oligosaccharide according to the above (b)
or (c), wherein R2, R3 and R4 which may be the same or different, each are GIcNAc,
NeuAc, Gal, Fuc or GalNAc.

5. (e) The process for producing crystals of an oligosaccharide according to the above (b)

or (c), wherein R4is a single bond.
6. (f) The process for producing crystals of an oligosaccharide according to the above (b)

or (c), wherein R3 and R% each are a single bond.
7. (g) The process for producing crystals of an oligosaccharide according to the above (b)
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or (c), wherein R?, R3 and R* each are a single bond.

. (h) The process for producing crystals of an oligosaccharide according to the above (e),

wherein R'is GIcNAc; RZis Gal; R3is GIcNAc; and R® is a hydrogen atom.

. (i) The process for producing crystals of an oligosaccharide according to the above (f),

wherein R' is NeuAc or Gal; RZ is GIcNAc or GalNAc; and R® is a hydrogen atom.
(j) The process for producing crystals of an oligosaccharide according to the above (i),

wherein R is GIcNAc, Gal, NeuAc or Fuc; and R is a hydrogen atom or GalNAc.
(k) The process for producing crystals of an oligosaccharide according to the above (b),

wherein at least one of R', R, R3, R* and R® is a deoxy sugar residue, and the aqueous
solution containing an oligosaccharide is an aqueous solution obtained by treatment with
a synthetic adsorption resin.

() The process for producing crystals of an oligosaccharide according to the above (k),
wherein the deoxy sugar residue is Fuc.

(m) The process for producing crystals of an oligosaccharide according to the above (k),

wherein R'is Fuc; R2, R% and R each are a single bond; and R® is a hydrogen atom.
(n) The process for producing crystals of an oligosaccharide according to any one of the
above (a) to (m), wherein the water-miscible organic solvent is an alcohol or a ketone.
(o) The process for producing crystals of an oligosaccharide according to any one of the
above (a) to (m), wherein the water-miscible organic solvent is methanol or acetone.

(p) A Crystal of an oligosaccharide represented by general formula (l) according to the
above (b).

(q) The crystal of an oligosaccharide according to the above (p), wherein R' is GIcNAc,
NeuAc, Gal, Fuc or GaINAc; RZ, R3 and R* which may be the same or different, each

are a single bond, GIcNAc, NeuAc, Gal, Fuc or GaINAc; and R® is a hydrogen atom,
GIcNAc, NeuAc, Gal, Fuc or GalNAc.

(r) The crystal of an oligosaccharide according to the above (p) or (q), wherein R%, R3

and R4 which may be the same or different, each are GIcNAc, NeuAc, Gal, Fuc or
GalNAc.

(s) The crystal of an oligosaccharide according to the above (p) or (q), wherein R* is a
single bond.

(t) The crystal of an oligosaccharide according to the above (p) or (q), wherein R3 and
R4 each are a single bond.

(u) The crystal of an oligosaccharide according to the above (p) or (q), wherein R2, R3
and R* each are a single bond.

(v) The crystal of an oligosaccharide according to the above (s), wherein R' is GIcNAc;
R2is Gal: R3is GIcNAc; and R®is a hydrogen atom.

(w) The crystal of an oligosaccharide according to the above (t), wherein R is NeuAc or
Gal; R2 is GIcNAc or GalNAc; and R% is a hydrogen atom.

(x) The crystal of an oligosaccharide according to the above (u), wherein R' is GIcNAc,
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Gal, NeuAc or Fuc; and R%is a hydrogen atom or GalNAc.

[0007] Hereinafter, the oligosaccharides comprising three or more monosaccharide residues
or the oligosaccharides represented by general formula (I) are referred to as Oligosaccharides
(1), and the crystals of an Oligosaccharide (1) are referred to as Oligosaccharide Crystals (I).

[0008] The definitions of the groups in general formula (l) are explained below.

1. (i) The monosaccharide of the monosaccharide residue includes Gal, Glc, allose (All),
arabinose (Ara), altrose (Alt), gulose (Gul), mannose (Man), talose (Tal), fructose (Fru),
ribose (Rib), xylose (Xyl) and the like.

2. (ii) The amino sugar of the amino sugar residue includes neuraminic acid (Neu),
muramic acid (Mur), glucosamine (GIcN), mannosamine (ManN), galactosamine (GalN),
2-amino-2-deoxyglucopyranose (GlcpN) and the like.

3. (iii) The derivatives of the monosaccharide residue or the amino sugar residue include

uronic acids; deoxy sugars; derivatives wherein two members selected from the group
consisting of monosaccharide residues [the monosaccharide residue has the same
significance as the above monosaccharide residue (i)], amino sugar residues [the amino
sugar residue has the same significance as the above amino sugar residue (ii)] and
derivatives of the monosaccharide residue or the amino sugar residue (the derivatives of
the amino sugar residue and the amino sugar residue include deoxy sugars etc.), which
are the same or different, are linked by a glycoside bond; and derivatives wherein a
hydroxyl group or an amino group in those is protected with acetyl or the like.
Examples of the uronic acids are glucuronic acid (GIcA) and galacturonic acid (GalA);
examples of the deoxy sugars are Fuc and rhamnose (Rha); and examples of the
derivatives wherein a hydroxyl group, or an amino group in those is protected with acetyl
or the like are GIcNAc, NeuAc, GalNAc and N-acetylmannosamine (ManNAc).

4. (iv) The glycoside bonds between R' and R% RZ and R3, R3 and R4, R* and Gal, and R®

and Gal (R', R2 R3 R* and R® have the same significances as defined above,
respectively) may be the same or different, and examples of the bonds include an a-1,2
bond, an a-2,3 bond, an a-1,4 bond, a $-1,3 bond and a 3-1,4 bond. Examples of
Oligosaccharides (I) formed by specifically preferred glycoside bonds include
trisaccharides such as GIcNAcB1, 3GalB1, 4Glc, Gala1, 4Galf1, 4Glc, NeuAca2, 3Galp1,
4Glc and Fuca1, 2Gal-B1, 4Glc, tetrasaccharides such as Galp1, 4GIcNAcB1, 3Gal-f31,
4GIc and NeuAca2, 3(GalNAcB1,4)GalB1, 4Glc, and pentasaccharides such as
GIcNAcB1, 3GalB1,4GIcNAcB1, 3Gal-B1, 4Glc.

The present disclosure is further described below.

5. (v) The oligosaccharide comprising three or more monosaccharide residues includes
branched or straight-chain oligosaccharides wherein 3 to 20 members, preferably 3 to
10 members, more preferably 3 to 6 members selected from the group consisting of
monosaccharide residues [the monosaccharide residue has the same significance as
the above monosaccharide residue (i)], amino sugar residues [the amino sugar residue
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has the same significance as the above amino sugar residue (ii)] and derivatives of the
monosaccharide residue or the amino sugar residue [the derivative of the
monosaccharide residue or the amino sugar residue has the same significance as the
above derivative of the monosaccharide residue or the amino sugar residue (iii)], which
are the same or different, are linked with one another by glycoside bonds which may be
the same or different (examples of the glycoside bonds are an a-1,2 bond, an a-2,3
bond, an a-1,4 bond, a $-1,3 bond and a 3-1,4 bond).

6. (vi) The aqueous solution containing the oligosaccharide may be any aqueous solution
that contains the oligosaccharide, but the saccharide purity of the oligosaccharide is
preferably 50% or more, more preferably 70% or more. The aqueous solution may also
comprise an organic solvent such as an alcohol (e.g., methanol, ethanol or isopropyl
alcohol) or a ketone (e.g., acetone or methyl ethyl ketone). The water content of the
aqueous solution is preferably 20% or more. Specific examples of the aqueous solution
are those prepared by subjecting an oligosaccharide solution (e.g., a reaction solution, a
culture medium or a cell-free culture medium obtained by synthesis or fermentation) to
pretreatment (e.g., treatment with a membrane, gel filtration, treatment with activated
carbon, treatment with an ion exchange resin, treatment with a synthetic adsorption
resin or solvent precipitation). Preferred pretreatments are treatment with activated
carbon, treatment with an ion exchange resin, treatment with a synthetic adsorption
resin and solvent precipitation, among which solvent precipitation and treatment with a
synthetic adsorption resin are particularly preferred. These treatments may be
appropriately employed in combination. In particular, treatment with a synthetic
adsorption resin is preferred as the pretreatment to obtain an aqueous solution
containing Oligosaccharide (l) in which at least one of the monosaccharide residues is
Fuc.

7. (vii) The water-miscible organic solvent includes any organic solvents that are miscible
with water. Preferred are alcohols such as methanol, ethanol and isopropyl alcohol, and
ketones such as acetone and methyl ethyl ketone.

8. (viii) The synthetic adsorption resin includes nonpolar and porous adsorption resins such
as DIAION HP resins (e.g., HP10, HP20, HP21, HP30, HP40 and HP50; Mitsubishi
Chemical Corporation), DIAION SP800 resins (e.g., SP800, SP825, SP850 and SP875;
Mitsubishi Chemical Corporation), DIAION SP200 resins (e.g., SP205, SP206, SP207
and SP207SS; Mitsubishi Chemical Corporation) and Amberlite XAD resins (e.g., XAD4,
XAD7HP, XAD16 and XAD1600; Rohm and Haas).

9. (ix) The crystal(s) of an oligosaccharide may be of any crystalline form, for example,
columns, plates or needles. Particularly preferred are columns.

[0009] The process for producing Oligosaccharide Crystals (1) is described in detail below.

Production process:
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[0010] A reaction solution, a culture medium or a cell-free culture medium containing
Oligosaccharide (1) obtained by a synthesis method or a fermentation method is pretreated
according a known method [e.g., Chem. Rev,, Vol. 100, p. 4465 (2000); Curr. Opin. in Drug
Discovery & Develop, Vol. 3, p. 756 (2000); W098/12343; and W099/40205] to prepare an
aqueous solution containing Oligosaccharide (I) whose saccharide purity is 50% or more,
preferably 70% or more. The obtained solution containing Oligosaccharide (l) is added
dropwise to a water-miscible organic solvent which is a bad solvent at a temperature between
-20°C and the boiling point of the water-miscible organic solvent or under reflux for one minute
to 10 hours, preferably 10 minutes to 2 hours. After the completion of dropping, the resulting
mixture is stirred at a temperature between -20°C and the boiling point of the water-miscible
organic solvent or under reflux for 1 to 20 hours, preferably 2 to 4 hours to deposit crystals.
The deposited crystals are separated by centrifugal filtration, decantation or the like, washed
with water or a water-miscible organic solvent, and then dried under reduced pressure or by
airflow to obtain Oligosaccharide Crystals (I). Oligosaccharide Crystals (I) can be further
purified by carrying out operations such as washing, drying and recrystallization.

[0011] The pretreatments to obtain the aqueous solution containing Oligosaccharide (1) include
treatment with a membrane, gel filtration, treatment with activated carbon, treatment with an
ion exchange resin, treatment with a synthetic adsorption resin and solvent precipitation.
Preferred are treatment with activated carbon, treatment with an ion exchange resin, treatment
with a synthetic adsorption resin and solvent precipitation, among which solvent precipitation
and treatment with a synthetic adsorption resin are particularly preferred. These treatments
may be appropriately employed in combination. In particular, treatment with a synthetic
adsorption resin is preferred as the pretreatment to obtain an aqueous solution containing
Oligosaccharide (1) wherein at least one of the monosaccharide residues is Fuc.

[0012] The water-miscible organic solvent can be used alone, or as a mixture of two or more
kinds or a mixture with water.

[0013] In addition to the above-described process, Oligosaccharide Crystals (I) can also be
obtained by general crystallization methods such as a method in which the aqueous solution
containing Oligosaccharide (I) is concentrated, cooled and neutralized, and a method in which
a water-miscible organic solvent as a bad solvent is added to the aqueous solution containing
Oligosaccharide (l) to promote the formation of Oligosaccharide Crystals (I).

[0014] Oligosaccharide Crystals (I) obtained by the above processes may be obtained as
adducts with water or with various water-miscible organic solvents.

[0015] Oligosaccharide Crystals (I) obtained by the above processes sometimes exist in
different crystalline forms or different grain sizes, and these can be obtained alone or as a
mixture.

[0016] Specific examples of Oligosaccharide Crystals (l) obtained by the above processes are
shown in Table 1.
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Table 1
Example No. Crystals No. Oligosaccharide Crystals
1 1 GIcNAcB1, 3Galp1, 4Glc
2 2 Galp1, 4GIcNAcB1, 3Galp1, 4Glc
3 3 GIcNAcB1, 3Galp1, 4GIcNAcB1, 3Galp1, 4Glc

[0017] The storage stability of Oligosaccharide Crystals (1) of the present invention is illustrated
in the following test example.

Test Example: Comparison of Stability of Oligosaccharide Crystals () and freeze-dried
Oligosaccharide () powders

[0018] The storage stability of Oligosaccharide Crystals (I) obtained in Examples 1 to 3 and
freeze-dried Oligosaccharide () powders obtained in Reference Examples 1 to 3 was
examined by keeping them at 105°C in the atmosphere under ordinary pressure for 20 days
and measuring the residual rate of Oligosaccharides (). The results are shown in Table 2.

[0019] The residual rate of Oligosaccharides (l) in the samples was measured by high
performance liquid chromatography (HPLC) and expressed in terms of HPLC purity (%).

[0020] Measurement conditions for HPLC are as follows.
Analyzer: product of Dionex Corporation

Column: CarboPac PA 10

Column temperature: 30°C

Mobile phase: 10-100% aqueous solution of NaOH (500 mmol/L) (Gradient elution in 11
minutes)

Flow rate: 0.8 mL/minute
Detection: electrochemical detection (PAD method)

Table 2
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Residual rate of
oligosaccharides: HPLC purity
(%)

Days that passed
0 1 4 7 20

GIcNAcB1, 3Galp1, 4Glc Crystals (Crystals No.
1)
Freeze-dried GIcNAcB1, 3GalB1, 4Glc powders {99.8 {99.7 i{97.0 {98.8 {93.8

Galp1, 4GIcNAcB1, 3Gal-B1, 4Glc Crystals
(Crystals No. 2)

Freeze-dried GalB1, AGIcNAc-B1, 3Galp1, 4Glc
powders

GIcNAcB1, 3Galp1, 4GIcNAcB1, 3GalB1, 4Glc
Crystals (Crystals No. 3)

Freeze-dried GIcNAcB1, 3Gal-B1, 4GIcNACcB1,
3Galp1, 4Glc powders

98.0 {99.7 {99.7 {99.7 {98.9

99.3 §{99.0 {99.2 {99.0 {98.8

99.3 {98.6 {97.6 {96.2 {90.9

98.8 {99.3 {99.0 {99.0 {99.3

98.6 {98.2 {974 {954 852

[0021] As is clear from Table 2, HPLC analysis revealed a fall in the residual rate of
Oligosaccharides (I) and remarkable decomposition of the freeze-dried Oligosaccharide (1)
powders obtained in reference examples. On the contrary, there was observed no fall in the
residual rate of Oligosaccharide (l) in Oligosaccharide Crystals (I) obtained by the process of
the present invention. It indicates that Oligosaccharide Crystals (1) are extremely stable.

Best Modes for Carrying Out the Invention

[0022] Certain embodiments of the present invention are illustrated in detail in the following
examples and reference examples. These examples and reference examples are not to be
construed as limiting the scope of the present invention.

Example 1: Production of GIcNAcf1, 3Galf1, 4Gic Crystals

[0023] The GIcNAcB1, 3GalB1, 4Glc reaction solution obtained in Reference Example 4 was
centrifuged to remove cells and passed through a column of DIAION SK-1B (H type, Mitsubishi
Chemical Corporation) and then a column of DIAION WA-30 (OH type, Mitsubishi Chemical
Corporation) for desalting. The resulting solution was adjusted to pH 6.5 with HCI| and
concentrated under reduced pressure to obtain a treated solution of GIcNAcB1, 3GalB1, 4Glc
(aqueous solution: 100 mL, 200 g/L). The obtained solution was gradually added to methanol
heated to 60°C (500 mL) in about 30 minutes, and the resulting mixture was refluxed at 60°C
for about 3 hours for crystallization. The resulting mixture was cooled to 20°C and stirred for
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one hour. Then, crystals were separated by filtration and washed with methanol. The obtained
crystals were dried by airflow, whereby 14 g of GIcNAcB1, 3Galf1, 4Glc Crystals was obtained.

[0024] Powder X-ray diffraction data of the crystals are shown in Table 3.

Table 3

Powder X-ray diffraction data of GIcNAcp1, 3GalB1, 4Glc Crystals
d (A) /1o (%) d (A) /g (%)
10.773 41 4.027 42
9.253 74 3.855 28
6.992 36 3.774 36
5.336 22 3.697 24
4.779 100 3.558 21
4618 46 3.311 54
4.537 49 3.030 33
4.491 98 2.811 19
4.236 59 2.630 22
4.129 65

Example 2: Production of Gal1, 4GIcNAcfB1, 3Gal1, 4Glc Crystals

[0025] The GalB1,4 GIcNAcB1,3GalB1,4Glc reaction solution obtained in Reference Example 5
was centrifuged to remove cells and passed through a column of DIAION SK-1B (H type,
Mitsubishi Chemical Corporation) and then a column of DIAION WA-30 (OH type, Mitsubishi
Chemical Corporation) for desalting. The resulting solution was adjusted to pH 6.5 with HCI
and concentrated under reduced pressure to obtain a treated solution of
GalB1,4GIcNAcB1,3GalB1,4Glc (aqueous solution: 70 mL, 300 g/L). The obtained solution was
gradually added to acetone heated to 58°C (500 mL) in about 30 minutes, and the resulting
mixture was refluxed at 58°C for about 2 hours for crystallization. The resulting mixture was
cooled to 20°C and stirred for one hour. Then, crystals were separated by filtration and
washed with acetone. The obtained crystals were dried by airflow, whereby 16 g of
GalB1,4GIcNAcB1,3GalB1,4Glc Crystals was obtained.

[0026] Powder X-ray diffraction data of the crystals are shown in Table 4.

Table 4
Powder X-ray diffraction data of GalB1, 4GIcNAcB1, 3GalB1, 4Glc Crystals
d (A) /g (%) d (A) /g (%)
18.588 15 4.560 100
13.281 22 4.381 98
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Powder X-ray diffraction data of GalB1, 4GIcNAcB1, 3GalB1, 4Glc Crystals

d (A) /1o (%) d (A) /g (%)
11.182 30 4.277 52
10.644 34 4.055 34
9.253 16 3.888 27
8.147 10 3.580 23
7.824 1 3.299 19
6.804 20 3.235 20
6.167 12 2.708 15
5.843 14 2.453 14
5.639 21 2.354 18
4.897 18 2.321 18
4.679 66

Example 3: Production of GIcNAcf1, 3Galf1, 4GIcNAcB1, 3Galp1, 4Gic Crystals

[0027] The GIcNAcB1, 3Galp1, 4GIcNAcB1, 3GalB1, 4Glc reaction solution obtained in
Reference Example 6 was centrifuged to remove cells and passed through a column of
DIAION SK-1B (H type, Mitsubishi Chemical Corporation) and then a column of DIAION WA-30
(OH type, Mitsubishi Chemical Corporation) for desalting. The resulting solution was adjusted
to pH 6.5 with HCI and concentrated under reduced pressure to obtain a treated solution of
GIcNAcB1, 3GalB1, 4GIcNAcB1, 3GalB1, 4Glc (aqueous solution: 100 mL, 200 g/L). The
obtained solution was gradually added to methanol heated to 60°C (500 mL) in about 30
minutes, and the resulting mixture was refluxed at 60°C for about 3 hours for crystallization.
The resulting mixture was cooled to 20°C and stirred for one hour. Then, crystals were
separated by filtration and washed with methanol. The obtained crystals were dried by airflow,
whereby 16 g of GIcNAcB1, 3Gal1, 4GIcNAcB1, 3GalB1, 4Glc Crystals was obtained.

[0028] Powder X-ray diffraction data of the crystals are shown in Table 5.

Table 5
Powder X-ray diffraction data of GIcNAcp1, 3GalB1, 4GIcNAcp1, 3GalB1, 4Glc
Crystals
d(A) /g (%) d (A) 19 (%)
20.5322 8 3.5037 16
12.0996 16 3.4242 20
11.2531 15 3.3607 16
10.7084 17 3.2936 13
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Powder X-ray diffraction data of GIcNAcB1, 3GalB1, 4GIcNAcp1, 3Galp1, 4Glc
Crystals
d (A) /g (%) d(A) /g (%)

9.4509 40 3.1729 18
7.1037 8 3.1026 9
6.3887 7 3.0305 10
5.7863 9 2.8915 7
5.3042 9 2.8466 9
5.0350 8 2.8074 10
4.6189 100 2.6728 11
4.3710 28 2.6384 9
4.2874 32 2.5687 9
4.0920 26 2.5232 8
3.9397 20 2.4728 10
3.7985 18 2.3600 11
3.6672 14 2.3335 10
3.5729 13

Reference Example 1: Production of freeze-dried GIcNAcB1, 3GalB1, 4Gic powders

[0029] The GIcNAcB1, 3GalB1, 4Glc Crystals obtained in Example 1 (5 g) were dissolved in
water to obtain a GIcNAcB1,3GalB1,4Glc solution (10 mL, 500 g/L). The solution was frozen at
-30°C and then dried in a freeze-dryer to obtain 4.8 g of freeze-dried GIcNAcB1, 3GalB1, 4Glc
powders.

Reference Example 2: Production of freeze-dried Galf1, 4GIcNAcf1, 3Galp1, 4Glc
powders

[0030] The GalB1, 4GIcNAcB1, 3GalB1, 4Glc Crystals obtained in Example 2 (5 g) were
dissolved in water to obtain a GalB1, 4GIcNAcB1, 3GalB1, 4Glc solution (10 mL, 500 g/L). The
solution was frozen at -30°C and then dried in a freeze-dryer to obtain 4.5 g of freeze-dried
GalB1, 4GIcNAcB1, 3GalB1, 4Glc powders.

Reference Example 3: Production of freeze-dried GIcNAcf1, 3GaiB1, 4GIcNAcp1,
3Galp1, 4Glc powders
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[0031] The GIcNAcB1, 3GalB1, 4GIcNAcB1, 3GalB1, 4Glc Crystals obtained in Example 3 (5 g)
were dissolved in water to obtain a GIcNAcB1, 3GalB1, 4GIcNAcB1, 3GalB1, 4Glc solution (10
ml, 500 g/l). The solution was frozen at -30°C and then dried in a freeze-dryer to obtain 4.7 g
of freeze-dried GIcNAcB1, 3Galf1, 4GIcNAcB1, 3GalB1, 4Glc powders.

Reference Example 4: GIcNAcf1, 3GalB1, 4Glc reaction solution

[0032] A GIcNAcB1, 3GalB1, 4Glc reaction solution was obtained from uridine diphosphate-N-
acetylglucosamine obtained by the method described in W098/12343 and lactose using
recombinant Escherichia coli highly expressing the enzyme described in Glycobiology, Vol. 9,
p. 1061 (1999) according to the method for producing sugar chains described in WO98/12343.

Reference Example 5: Gal1, 4GIcNAcpB1, 3Galp1, 4Glc reaction solution

[0033] A GalB1, 4GIcNAcB1, 3GalB1, 4Glc reaction solution was obtained using the GIcNAc1,
3GalB1, 4Glc reaction solution obtained in Reference Example 4 and uridine diphosphate-
galactose according to the method described in Reference Example 4.

Reference Example 6: GIcNAcfB1, 3Galf1, 4GIcNAcB2, 3GalB1, 4Glc reaction solution

[0034] A GIcNAcB1, 3GalB1, 4GIcNAcB1, 3GalB1, 4Glc reaction solution is obtained from
uridine diphosphate-N-acetylglucosamine obtained by the method described in WO98/12343
and the GalB1, 4GIcNAcB1, 3GalB1, 4Glc reaction solution obtained in Reference Example 5
according to the method described in Reference Example 4.

Industrial Applicability

[0035] The present invention provides crystals of an oligosaccharide useful, for example, as
raw materials for or as intermediates of health foods, pharmaceutical compositions, cosmetics,
etc. and a process for producing crystals of an oligosaccharide which is suitable for large-scale
synthesis or industrialization.
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Patentkrav

1. Fremgangsmade til fremstilling af krystaller af et
oligosaccharid, hvilken fremgangsmade omfatter tilsetning af
en vandig oplgsning, som indeholder et oligosaccharid, der er
angivet ved den almene formel (I):

R'-R*R’-R* Gal p1.4Glc I

e

[hvor Gal betegner galactose (i det fglgende forkortet pa
samme made), Glc betegner glucose (i det fglgende forkortet pa
samme made), R! Dbetegner GlcNAc (hvor GlcNAc betegner N-
acetylglucosamin, der i det fglgende forkortes pa samme made),
NeuAc (hvor NeuAc betegner N-acetylneuraminsyre, der 1 det
fglgende forkortes pa samme made), Gal, Fuc (hvor Fuc betegner
fucose, der 1 det feolgende forkortes pa samme made) eller
GalNAc (hvor GalNAc betegner N-acetylgalactosamin, der 1 det
fglgende forkortes pa samme made), R?2, R3 og R4, som kan vare
identiske eller forskellige, hver betegner en enkeltbinding,
GlcNAc, NeuAc, Gal, Fuc eller GalNAc, og R® betegner et
hydrogenatom, GlcNAc, NeuAc, Gal, Fuc eller GalNAc] til et
vandblandbart organisk oplgsningsmiddel, hvor det
vandblandbare organiske oplgsningsmiddel er methanol eller

acetone.

2. Fremgangsmade til fremstilling af krystaller af et
oligosaccharid ifglge krav 1, hvor R?, R® og R% som kan vare
identiske eller forskellige, hver er GIlcNAc, NeuAc, Gal, Fuc
eller GalNAc.

3. Fremgangsmade til fremstilling af krystaller af et

oligosaccharid ifglge krav 1, hvor R? er en enkeltbinding.

4. Fremgangsmade til fremstilling af krystaller af et
oligosaccharid ifglge krav 1, hvor R® og R? hver er en
enkeltbinding.

5. Fremgangsmade til fremstilling af krystaller af et

oligosaccharid ifglge krav 1, hvor R?, R® og R? hver er en
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enkeltbinding.

6. Fremgangsmade til fremstilling af krystaller af et
oligosaccharid ifglge krav 3, hvor R! er GlcNAc, R? er Gal, R?®

er GlcNAc og R® er et hydrogenatom.

7. Fremgangsmade til fremstilling af krystaller af et
oligosaccharid ifglge krav 4, hvor R! er NeuAc eller Gal, R? er

GlcNAc eller GalNAc og R® er et hydrogenatom.

8. Fremgangsmade til fremstilling af krystaller af et
oligosaccharid ifelge krav 5, hvor R! er GlcNAc, Gal, NeuAc

eller Fuc, og R® er et hydrogenatom eller GalNAc.

9. Fremgangsmade til fremstilling af krystaller af et
oligosaccharid ifglge krav 1, hvor i det mindste én af R!, R?,
R3, R?* og R® er en deoxysukkerrest, og den vandige opl@gsning,
der indeholder et oligosaccharid, er en vandig oplesning, der

opnas ved behandling med en syntetisk adsorptionsharpiks.

10. Fremgangsmade til fremstilling af krystaller af et

oligosaccharid ifglge krav 9, hvor deoxysukkerresten er Fuc.

11. Fremgangsmade til fremstilling af krystaller af et
oligosaccharid ifelge krav 9, hvor R! er Fuc, R¢, R?® og R* hver

er en enkeltbinding, og R® er et hydrogenatom.



