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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for producing glucans and derivatives thereof. More particularly, the
present invention relates to a method for extending an α-1,4-glucan chain.

BACKGROUND ART

[0002] Glucan is a generic term for polysaccharides in which the saccharide components consist only of D-glucose.
Examples of representative glucans include starch, cellulose, and the like. Starch is an α-glucan in which saccharide
components are linked by α-glucoside bonds. In starch, amylose, which is a straight-chain α-1,4-glucan, and amylopectin,
having a branched structure, are present. The abundance ratio of amylose to amylopectin varies depending on the plant
storing the starch. Therefore, it is very difficult to obtain starch containing amylose and amylopectin at an arbitrary
composition ratio. If amylose can be stably produced, such amylose can be mixed with commercially available starch
to produce starch having an arbitrary amylose content.
[0003] Conventionally, amylose and amylopectin having an arbitrary structure are produced by utilizing the action of
hydrolyzing enzymes, transferases, and the like. However, reports on structural alteration of starch by extending its α-
1,4-glucan chain are limited. It is useful to develop a method for extending an α-1,4-glucan chain efficiently since not
only can amylose be produced but also the structure of starch can be arbitrarily modified.
[0004] It is known that in starch-containing foods, the content and structure of amylose in the starch has a great
influence on the physical properties of the food. However, the content and structure of amylose in the starch is determined
by the starch utilized as a raw material. If the content and structure of amylose can be arbitrarily changed, development
of foods having novel mouthfeel can be expected.
[0005] Insoluble amylose is expected to have the same function as that of dietary fiber, and can also be expected to
be utilized in health foods. Further, amylose has a feature that the amylose can include, for example, iodine, fatty acid,
or the like in the molecule. Therefore, amylose is expected to be used in the fields of medicaments, cosmetics, and
sanitary products. Amylose can also be utilized as a raw material for the production of cyclodextrin and cycloamylose
having the same inclusion capacity as that of amylose. Further, films containing amylose have tensile strength not less
than that of general-purpose plastics, and amylose is a very promising material for biodegradable plastics. Thus, amylose
is expected to have a number of applications. However, it is difficult to obtain substantially pure amylose and such
amylose is very expensive . Therefore, such amylose is only distributed as reagent grade, and is hardly utilized as
industrial material. Accordingly, there is a demand for a method for producing amylose in a stable and inexpensive manner.
[0006] There are some known methods for producing amylose. Amylose is present in starch in a proportion of about
0 to 70%. Amylose can be extracted from natural material starch using precipitating agents, such as butanol, by a method
described in T. J. Schoch et al., J. American Chemical Society, 64, 2957 (1942). However, this extraction operation is
complicated and has a low yield. Further, it is difficult to obtain straight-chain glucan containing no α-1,6-glucoside bonds
by the extraction operation. Furthermore, it is difficult to extract straight-chain glucan having a narrow molecular weight
distribution.
[0007] As a method for extending an α-1,4-glucan chain enzymatically, there is a synthetic method in which a sugar
nucleotide is used as a substrate, and the sugar moiety is transferred to maltotetraose or the like as a primer by means
of glycogen synthase, starch synthase, or the like. However, this method has a disadvantage that sugar nucleotides,
which are used as a substrate, are very expensive and therefore cannot be industrially utilized.
[0008] There is a method for synthesizing an α-1,4-glucan chain by transferring the glycosyl group of α-glucose-1-
phosphate to a primer, such as maltoheptaose or the like by means of glucan phosphorylase (GP) derived from potato.
[0009] Further, a method in which glucose-1-fluoride is used as a substrate and sucrose phosphorylase (SP) and
glucan phosphorylase are simultaneously allowed to act on a primer, is disclosed (US Patent No. 5,405,449 and EP
0590736).
[0010] These synthesis methods have an advantage that the ratio of a substrate to a primer in a reaction solution at
the start of reaction is arbitrarily set so that the molecular weight of the resultant straight-chain glucan can be controlled.
However, the substrates, α-glucose-1-phosphate and glucose-1-fluoride, are expensive, and therefore are not suitable
for inexpensive production of a straight-chain α-1,4-glucan which may be utilized in a wide range of industries.
[0011] As a method for producing straight-chain glucan in a more inexpensive manner, a method in which sucrose
phosphorylase and glucan phosphorylase are simultaneously allowed to act on a primer and sucrose (hereinafter referred
to as the SP-GP method) has been disclosed (Waldmann, H. et al., Carbohydrate Research, 157 (1986) c4-c7). Waldmann
et al. synthesized straight-chain glucan from sucrose at a high yield using sucrose phosphorylase derived from the genus
Leuconostoc (Leuconostoc mesenteroides) and glucan phosphorylase derived from potato tuber. The SP-GP method
of Waldmann et al. is promising in that an inexpensive substrate can be used to produce a straight-chain glucan, but
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has some problems which require improvement as shown below.
[0012] First of all, since a large amount of enzyme is used, the production cost is high and inexpensive production is
not possible. To solve this problem, the amount of an enzyme used needs to be reduced or the amylose productivity
per unit enzyme needs to be improved by studying the reaction conditions.
[0013] One of factors which determine the amount of enzyme used or the amylose productivity per enzyme in the SP-
GP method is, for example, the concentration ratio of inorganic phosphate to sucrose, which is a substrate for SP, in a
solution at the start of reaction. In the prior art of Waldmann et al., inorganic phosphate having a considerably low
concentration compared to the sucrose concentration in a solution at the start of reaction is used, so that glucan is
produced at a high yield. In the SP-GP method in which sucrose is first converted to glucose-1-phosphate and then the
glucose-1-phosphate is converted to glucan, if high-concentration inorganic phosphate is used, an intermediate, glucose-
1-phosphate, accumulates at a high concentration. Therefore, it is considered that the yield of the final product, glucan,
is reduced. Therefore, it is considered that a low inorganic phosphate concentration should be adopted in the conventional
SP-GP method. Before the present invention, there was no disclosure of what influence a change in the concentration
ratio of sucrose to inorganic phosphate in a solution at the start of reaction has on the amount of an enzyme used or
the amylose productivity per enzyme, much less prediction of the effect of such an change.
[0014] A method in which two types of phosphorylase are combined similarly to the SP-GP method and carbohydrate
is synthesized via inorganic phosphate has been reported. For example, Chaen et al. (Journal of Bioscience and Bio-
engineering, 92 (2001) 177-182) discloses a method for synthesizing kojioligosaccharide from maltose using a combi-
nation of maltose phosphorylase and kojibiose phosphorylase. Chaen et al. describes that the lower the inorganic
phosphate concentration in a solution at the start of reaction, the higher the yield of the reaction product, i.e., kojioli-
gosaccharide. Thus, it is conventionally considered that in a reaction system in which two phosphorylases are combined,
the inorganic phosphate concentration in a solution at the start of reaction is preferably low in order to increase the yield
of the final product.
[0015] A second factor which determines the amount of enzyme used or the amylose productivity per enzyme in the
SP-GP method is reaction temperature. Generally, in enzyme reactions, the higher the reaction temperature, the greater
the reaction rate. Therefore, it is desirable that reactions are conducted under high temperature conditions. However,
since enzyme proteins are unstable to heating, an actual enzyme reaction is conducted in a temperature range in which
the enzyme proteins are not thermally inactivated. In the prior art of Waldmann et al., sucrose phosphorylase derived
from the genus Leuconostoc was used, and a glucan synthesis reaction was conducted at 37°C by taking into account
the thermal stability of this enzyme. Before the present invention, it had not been disclosed what influence a change in
the sucrose concentration of the reaction solution has on the stability of sucrose phosphorylase, and the effect thereof
could not be predicted. Further, there had been no disclosure on the thermal stability of sucrose phosphorylase derived
from the genus Streptococcus. Therefore, it was not possible to predict any effect of utilizing this sucrose phosphorylase
in glucan synthesis.
[0016] As a second problem, there is an operability problem. Glucan, particularly amylose, ages to become insoluble,
resulting in precipitation or formation of a gel. It is well known that the aging rate is dependent on temperature. When
reaction temperature is low, an operability problem arises in subsequent stages after the production, such as gelation
of amylose solution. Therefore, the reaction temperature is preferably as high as possible. However, in the prior art of
Waldmann et al., the reaction temperature at which amylose is produced is problematically as low as 37°C.
[0017] Out of glucans, when a straight-chain amylose without a branched structure is to be specifically produced,
straight-chain malto-oligosaccharide has to be used as a primer. In the prior art of Waldmann et al., purified maltoheptaose
is utilized as straight-chain malto-oligosaccharide. However, purified maltoheptaose is only distributed as reagent grade
and is very expensive. Inexpensive primer candidates include a mixture of malto-oligosaccharide obtained by hydrolyzing
starch appropriately. However, it is known that for a number of glucan phosphorylases, only malto-oligosaccharides
having a degree of polymerization greater than or equal to that of maltotetraose can be utilized as a primer, but malto-
oligosaccharides having a degree of polymerization smaller than or equal to that of maltotriose cannot be utilized as a
primer. The malto-oligosaccharide mixture contains maltotriose, maltose and glucose which do not function as a primer
in addition to malto-oligosaccharide having a degree of polymerization greater than or equal to that of maltohexaose
which can function as a primer. Further, it is known that glucose contained in the malto-oligosaccharide mixture is an
inhibitor of sucrose phosphorylase. Thus, whether or not the malto-oligosaccharide mixture containing maltotriose,
maltose and glucose incapable of functioning as a primer and glucose which is an inhibitor of sucrose phosphorylase,
can function effectively in the SP-GP method had not been disclosed before the present invention, and the effectiveness
thereof could not be easily speculated.
[0018] In the case of a method of the present invention, a large amount of fructose is secondarily produced along with
glucan in the reaction solution after ending an enzyme reaction. Therefore, in the case of industrial glucan production
using the method of the present invention, a process for efficiently purifying glucan after a glucan synthesis reaction
step is essential. In the prior art of Waldmann et al., when purifying amylose, a method for selectively precipitating
amylose using butanol is utilized. However, when amylose is industrially mass produced, a method utilizing an organic
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solvent is not an excellent method in terms of costs, safety to a human body, and environmental issues. No method
using no organic solvent has been disclosed.

DISCLOSURE OF THE INVENTION

[0019] The present invention is intended to solve the above-described problems. An objective of the present invention
is to provide a method for producing glucan, particularly amylose, in a stable and inexpensive manner under conditions
more practical than conventional methods.
[0020] The inventors found that the heat-resistance of sucrose phosphorylase is increased in the presence of sucrose
having at least a certain concentration, so that reaction temperature can be increased; as a result, the amount of enzymes
required can be reduced, or the glucan productivity per unit enzyme can be increased; and further the reaction is
conducted at high temperature, so that amylose can be produced without aging. Based on this finding, the inventors
completed the present invention.
[0021] A method according to the present invention for producing glucans comprises the step of allowing a reaction
solution containing sucrose, a primer, inorganic phosphate or glucose-1-phosphate, sucrose phosphorylase, and glucan
phosphorylase to react to produce glucans, the reaction being conducted at a temperature of 45°C to 65°C, wherein the
glucan is a saccharide in which the component unit is D-glucose having at least two saccharide units linked by an α-
1,4-glucoside bond; wherein the primer refers to a molecule which functions as a starting material for glucan synthesis;
wherein the sucrose concentration of the reaction solution is 15% to 50% at the start of the reaction; and wherein the
sucrose phosphorylase is derived from Leuconostoc mesenteroides or a bacterium belonging to the genus Streptococcus.
[0022] In one embodiment, the glucan may be amylose.
[0023] In one embodiment, the sucrose phosphorylase may be derived from a bacterium belonging to the genus
Streptococcus . Preferably, the sucrose phosphorylase may be derived from a bacterium belonging to the genus Strep-
tococcus selected from the group consisting of Streptococcus mutans, Streptococcus thermophilus, Streptococcus
pneumoniae, and Streptococcus mitis.
[0024] In one embodiment, the glucan phosphorylase may be derived from a plant. More preferably, the glucan phos-
phorylase may be derived from an alga or potato.
[0025] In one embodiment, the glucan phosphorylase may be derived from Thermus aquaticus or Bacillus stearother-
mophilus.
[0026] In one embodiment, both or at least one of the sucrose phosphorylase and the glucan phosphorylase may be
produced by a recombinant microorganism.
[0027] In one embodiment, both or at least one of the sucrose phosphorylase and the glucan phosphorylase may be
immobilized on a carrier.
[0028] In one embodiment, the primer may be selected from the group consisting of malto-oligosaccharide, amylose,
amylopectin, glycogen, dextrin, pullulan, coupling sugar, starch, and derivatives thereof.
[0029] In one embodiment, the malto-oligosaccharide may be a malto-oligosaccharide mixture.
[0030] In one embodiment, the malto-oligosaccharide mixture may contain at least one of maltotriose, maltose, and
glucose in addition to malto-oligosaccharides having a degree of polymerization greater than or equal to that of mal-
totetraose.
[0031] In one embodiment, the starch may be selected from the group consisting of soluble starch, waxy starch, high
amylose starch, starch degraded by a debranching enzyme, starch degraded by phosphorylase, starch partially degraded
by hydrolysis, processed starch, and derivatives thereof.
[0032] In one embodiment, the method may further comprise the step of purifying the produced glucans without using
an organic solvent.
[0033] In one embodiment, the method may further comprise the steps of cooling the reaction solution after the reaction
to precipitate the glucans, and purifying the precipitated glucan by a solid-liquid separation method.
[0034] In one embodiment, the method may further comprise the steps of cooling the reaction solution during or after
the glucan producing reaction to gel the glucans, recovering the gelled glucans, and removing fructose from the gelled
glucans by an operation selected from the group consisting of washing with water, freeze-thawing, filtration, squeezing,
suction and centrifugation.
[0035] In one embodiment, the method may further comprise the step of subjecting glucans dissolved in water after
the glucan producing reaction to membrane fractionation using an ultrafiltration membrane or chromatography without
precipitation to remove fructose. The ultrafiltration membrane may have a molecular weight cutoff of about 30, 000. The
ultrafiltration membrane may be of a hollow fiber type. The carrier which may be used in the chromatography may be a
carrier for gel filtration chromatography, a carrier for ligand exchange chromatography, a carrier for ion exchange chro-
matography, or a carrier for hydrophobic chromatography.
[0036] In one embodiment, the reaction solution may further contain an enzyme selected from the group consisting
of debranching enzymes, branching enzymes, 4-α-glucanotransferase, and glycogen debranching enzymes.



EP 2 135 957 B1

5

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

Figure 1 is a schematic diagram showing a production flow of glucan synthesis from sucrose.

Figure 2 is a graph showing the yields of amylose when reactions were conducted using 4% initial sucrose, Leu-
conostoc mesenteroides-derived sucrose phosphorylase, and potato-derived glucan phosphorylase where the re-
action temperatures were 37°C and 45°C.

Figure 3 is a graph showing the yields of amylose when reactions were conducted at various initial sucrose con-
centrations where the reaction temperature was 45°C.

Figure 4 is a graph showing the yields of amylose when reactions were conducted at various initial sucrose con-
centrations where the reaction temperatures were 37°C and 45°C.

Figure 5 is a graph showing the yields of amylose when reactions were conducted using Streptococcus mutans
(heat-resistant bacterium)-derived sucrose phosphorylase and potato-derived glucan phosphorylase with various
initial sucrose concentrations and the reaction temperatures were 45°C and 50°C.

Figure 6 is a graph showing the yields of amylose when reactions were conducted using Streptococcus mutans-
derived sucrose phosphorylase and potato-derived glucan phosphorylase in amounts corresponding to half the
activity of the enzymes used in Figure 5 with various initial sucrose concentrations and the reaction temperatures
were 45°C and 50°C.

Figure 7 is a graph showing the yields of amylose when reactions were conducted using Leuconostoc mesenteroides-
derived sucrose phosphorylase and Thermus aquaticus-derived glucan phosphorylase with various initial sucrose
concentrations and the reaction temperatures was 45°C.

Figure 8 is a graph showing the yields of amylose when reactions were conducted using Leuconostoc mesenteroides-
derived sucrose phosphorylase and Thermus aquaticus-derived glucan phosphorylase in amounts corresponding
to half the activity of the enzymes used in Figure 7 with various initial sucrose concentrations and the reaction
temperature was 45°C.

Figure 9 is a graph showing the yields of amylose when reactions were conducted using Streptococcus mutans
(heat-resistant bacterium)-derived sucrose phosphorylase and Thermus aquaticus-derived glucan phosphorylase
with various initial sucrose concentrations and the reaction temperature was 50°C.

Figure 10 is a graph showing the yields of amylose when reactions were conducted using Streptococcus mutans-
derived sucrose phosphorylase and Thermus aquaticus-derived glucan phosphorylase in amounts corresponding
to half the activity of the enzymes used in Figure 9 with various initial sucrose concentrations and the reaction
temperature was 50°C.

Figure 11 is a graph showing the yields of amylose when reactions were conducted using Leuconostoc mesenter-
oides-derived sucrose phosphorylase and Bacillus stearothermophilus-derived glucan phosphorylase with various
initial sucrose concentrations and the reaction temperature was 45°C.

Figure 12 is a graph showing the yields of amylose when reactions were conducted using Leuconostoc mesenter-
oides-derived sucrose phosphorylase and Bacillus stearothermophilus-derived glucan phosphorylase in amounts
corresponding to half the activity of the enzymes used in Figure 11 with various initial sucrose concentrations and
the reaction temperatures were 37°C and 45°C.

Figure 13 is a graph showing the yields of amylose when reactions were conducted using Streptococcus mutans
(heat-resistant bacterium)-derived sucrose phosphorylase and Bacillus stearothermophilus-derived glucan phos-
phorylase with various initial sucrose concentrations and the reaction temperature was 50°C.

Figure 14 is a graph showing the yields of amylose when reactions were conducted using Streptococcus mutans-
derived sucrose phosphorylase and Bacillus stearothermophilus-derived glucan phosphorylase in amounts corre-
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sponding to half the activity of the enzymes used in Figure 13 with various initial sucrose concentrations and the
reaction temperatures were 45°C and 50°C.

Figure 15 is a graph showing the yield of amylose when a reaction was conducted using Streptococcus mutans
(heat-resistant bacterium)-derived sucrose phosphorylase and potato-derived glucan phosphorylase or Thermus
aquaticus-derived glucan phosphorylase where the initial sucrose concentration was 50% at the start of the reaction
and the reaction temperature was 65°C.

Figure 16 is a graph showing the yields of amylose when reactions were conducted using Leuconostoc mesenter-
oides-derived sucrose phosphorylase and potato-derived glucan phosphorylase with various initial inorganic phos-
phate concentrations and the reaction temperature was 37°C.

Figure 17 is a graph showing the yields of amylose when reactions were conducted using Streptococcus mutans
(heat-resistant bacterium)-derived sucrose phosphorylase and potato-derived glucan phosphorylase with various
initial inorganic phosphate concentrations and the reaction temperature was 45°C.

Figure 18 is a graph showing the residual activity of a recombinant Streptococcus mutans-derived sucrose phos-
phorylase which was heated at 55°C in sucrose solutions of various sucrose concentrations.

Figure 19 is a graph showing the residual activity of Leuconostoc mesenteroides-derived sucrose phosphorylase
which was heated at 55°C in sucrose solutions of various sucrose concentrations.

Figure 20 is a graph showing the effect of sucrose or fructose on the stability of sucrose phosphorylase.

Figure 21 is a graph showing the effect of inorganic phosphate on the stability of sucrose phosphorylase.

Figure 22 is a graph showing the yields of glucan when reactions were conducted using pullulan as a primer at
various initial sucrose concentrations were present and the reaction temperature was 50°C.

Figure 23 is a graph showing the yields of glucan when reactions were conducted using pullulan as a primer at
various initial inorganic phosphate concentrations and the reaction temperature was 50°C.

Figure 24 is a graph showing the glucan yield when glucose-1-phosphate was used as a substrate.

BEST MODE FOR CARRYING OUT THE INVENTION

[0038] Hereinafter, the present invention will be described in detail.
[0039] In the method of the present invention, glucans are produced. In the present specification, "glucan" refers to a
saccharide in which the component unit is D-glucose and having at least two saccharide units linked by an α-1,4-glucoside
bond. Glucans may be straight-chain, branched or cyclic molecules. Straight-chain glucan and α-1,4-glucan are synon-
ymous. In a straight-chain glucan, saccharide units are linked only by α-1,4-glucoside bonds. Glucans including at least
one α-1,6-glucoside bond are branched glucans. Preferably, glucans include a portion of a straight-chain to some extent.
Straight-chain glucans without branching are more preferable.
[0040] In some cases, glucans having a small number of branches (i.e., α-1,6-glucoside bonds) are preferable. In
such cases, the number of branches is representatively 0 to 10,000, preferably 0 to 1000, more preferably 0 to 500,
even more preferably 0 to 100, even more preferably 0 to 50, even more preferably 0 to 25, and even more preferably 0.
[0041] In the glucans of the present invention, the ratio of the number of α-1,4-glucoside bonds to the number of α-
1,6-glucoside bonds where the number of α-1,6-glucoside bonds is 1, is preferably 1 to 10000, more preferably 10 to
5000, even more preferably 50 to 1000, and even more preferably 100 to 500.
[0042] α-1,6-glucoside bonds may be distributed in glucans at random or uniformly. It is preferable that in the glucans,
straight-chain portions which are at least 5 saccharide units long are present.
[0043] The glucans may consist only of D-glucose, or may be a derivative which is modified to an extent that the
properties of the glucans are not impaired. Unmodified glucans are preferable.
[0044] The glucans have a molecular weight of representatively at least about 8 3 103, preferably at least about 1 3
104, more preferably at least about 5 3 104, even more preferably at least about 1 3 105, and even more preferably at
least about 6 3 105. The glucans have a molecular weight of representatively no more than about 1 3 108, preferably
no more than about 1 3 107, even more preferably no more than about 5 3 106, and even more preferably no more
than about 1 3 106.
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[0045] It is easily understood by those skilled in the art that glucans having a desired molecular weight can be obtained
by appropriately setting the amount of a substrate, the amount of an enzyme, a reaction time, and the like used in the
production method of the present invention.

<Materials for producing glucans>

[0046] In the production method of the present invention, for example, sucrose, a primer, inorganic phosphate or
glucose-1-phosphate, a buffering agent, sucrose phosphorylase, glucan phosphorylase and a solvent capable of dis-
solving them are used as major materials. Although all of these materials are usually added at the start of a reaction,
any of these materials may be further added in the course of the reaction. In the production method of the present
invention, if necessary, an enzyme selected from the group consisting of debranching enzymes, branching enzymes,
4-α-glucanotransferase, and glycogen debranching enzymes can be used. The enzyme selected from the group con-
sisting of debranching enzymes, branching enzymes, 4-α-glucanotransferase, and glycogen debranching enzymes may
be added to a reaction solution at the start of the production method of the present invention or in the course of the
method, depending on the intended structure of the glucan.

(1) Sucrose:

[0047] Sucrose is represented by C12H22O11, and is a disaccharide having a molecular weight of about 342. Sucrose
is present in any plants capable of photosynthesis. Sucrose may be isolated from plants or chemically synthesized. In
terms of cost, sucrose is preferably isolated from plants. Examples of plants containing a large amount of sucrose include
sugarcane, sugarbeet, and the like. Sugarcane contains about 20% sucrose in its juice. Sugarbeet contains about 10
to 15% sucrose in its juice. Sucrose may be provided as any materials obtained from any stage of the purification process
from a juice of a plant containing sucrose to purified saccharide.
[0048] Sucrose for use in the method of the present invention is preferably pure. However, sucrose may contain any
other contaminants as long as they do not inhibit the effect of sucrose in the present invention.
[0049] The concentration of sucrose contained in solution is representatively about 5% to about 100%, preferably
about 8% to about 80%, and more preferably about 8% to about 50%. It should be noted that in the present specification,
the sucrose concentration is calculated by Weight/Volume, i.e., 

[0050] If the weight of sucrose is excessively great, unreacted sucrose may be precipitated during the reaction. If the
amount of sucrose used is excessively small, the yield may be reduced in a high-temperature reaction.
[0051] It should be noted that in the case of the above-described first method, i.e., the maximum value of the sucrose-
phosphate ratio in the reaction solution from the start to end of the reaction is no more than about 17, the sucrose
concentration is not necessarily limited to the above-described range. Also, in the case of the above-described fourth
method, i.e., the sucrose-phosphate ratio in the reaction solution at the start of the reaction is no more than about 17,
and in the case of the above-described fifth method, i.e., including a step of further adding sucrose, inorganic phosphate
or glucose-1-phosphate to the reaction solution, the sucrose concentration is not necessarily limited to the above-
described range. In the present specification, the ratio obtained by dividing the molar concentration of sucrose in reaction
solution by the sum of the molar concentrations of inorganic phosphate and glucose-1-phosphate in the reaction solution
is referred to as the sucrose-phosphate ratio. In other words: 

[0052] If all of the materials to be reacted are mixed at the start of a reaction and no material is added during the
reaction, the sucrose-phosphate ratio is maximal at the start of the reaction.
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(2) Primer:

[0053] A primer for use in the present invention refers to a molecule which functions as a starting material for glucan
synthesis. If a primer has at least one free portion to which a saccharide unit can bind with an α-1,4-glucoside bond, the
other portion may be formed by a moiety other than a saccharide. In the method of the present invention, saccharide
units are successively linked to the primer with α-1,4-glucoside bonds, resulting in glucan synthesis. Primers include
any saccharide to which a saccharide unit can be added by glucan phosphorylase.
[0054] Primers can be any starting material for the reaction in the present invention. For example, glucans synthesized
by the method of the present invention can be used as a primer to extend an α-1,4-glucoside chain again by the method
of the present invention.
[0055] A primer may be an α-1,4-glucan including only α-1,4-glucoside bonds, or may be an α-1,4-glucan partially
including α-1,6-glucoside bonds. Those skilled in the art may easily select an appropriate primer depending on a desired
glucan. In the case of synthesis of straight-chain amylose, it is preferable to use an α-1,4-glucan including only α-1,4-
glucoside bonds as a primer, since the straight-chain amylose can be synthesized without using a debranching enzyme
or the like.
[0056] Examples of primers include malto-oligosaccharides, amylose, amylopectin, glycogen, dextrin, pullulan, cou-
pling sugar, starch and derivatives thereof.
[0057] In the present specification, malto-oligosaccharide refers to a substance generated by dehydration-condensa-
tion of 2 to 10 glucoses and linked with α-1,4 bonds. Malto-oligosaccharides contain preferably 4 to 10 saccharide units,
more preferably 5 to 10 saccharide units, and even more preferably 7 to 10 saccharide units. Examples of malto-
oligosaccharides include maltose, maltotriose, maltotetraose, maltopentaose, maltohexaose, maltoheptaose, maltoocta-
ose, maltononaose, maltodecaose, and the like. Preferably, the malto-oligosaccharide is maltotetraose, maltopentaose,
maltohexaose, or maltoheptaose. The malto-oligosaccharide may be either a single-ingredient product or a mixture of
multiple malto-oligosaccharides. A mixture of malto-oligosaccharides is preferable due to its low cost. In one embodiment,
a mixture of malto-oligosaccharides contains at least one of maltotriose, maltose and glucose in addition to a malto-
oligosaccharide having a degree of polymerization greater than or equal to that of maltotetraose. Here, "a malto-oli-
gosaccharide having a degree of polymerization greater than or equal to that of maltotetraose" refers to a malto-oli-
gosaccharide having a degree of polymerization of at least four. An oligosaccharide may be either a straight-chain
oligosaccharide or a branched oligosaccharide. An oligosaccharide may have a cyclic portion in a molecule thereof. In
the present invention, a straight-chain oligosaccharide is preferable.
[0058] Amylose is a straight-chain molecule composed of glucose units linked with α-1,4 bonds . Amylose is contained
in naturally occurring starch.
[0059] Amylopectin is a branched molecule composed of glucose units linked with α-1,4 bonds to which glucose units
are linked with α-1,6 bonds. Amylopectin is contained in naturally occurring starch. As amylopectin, for example, waxy
corn starch consisting of 100% amylopectin may be used. For example, amylopectin having a degree of polymerization
of at least about 1 3 105 may be used as a raw material.
[0060] Glycogen is a type of glucan composed of glucose and having highly-frequent branches. Glycogen is widely
distributed as a storage polysaccharide in substantially any cells of animals and plants in the form of granules. Glycogen
is present in corn seeds or the like in plants, for example. In glycogen, representatively, an α-1,4-bond sugar chain
having an average degree of polymerization of 12 to 18 is linked to an α-1,4-bond sugar chain of glucose at a rate of
about one chain per three glucose units with α-1,6 bonds. Branches linked with α-1,6 bonds are similarly linked to the
α-1,4-bond sugar chain of glucose with α-1,6 bonds. Therefore, glycogen has a network structure.
[0061] The molecular weight of glycogen is representatively about 1 3 105 to about 1 3 108, and preferably about 1
3 106 to about 1 3 107.
[0062] Pullulan is a glucan having a molecular weight of about 100,000 to about 300,000 (e.g., about 200,000), in
which maltotrioses are regularly linked in a stepwise manner with α-1,6 bonds. For example, pullulan is produced by
culturing Aureobasidium pullulans using starch as a raw material. Pullulan may be obtained from Hayashibara Shoji,
Inc., for example.
[0063] Coupling sugar is amixture in which sucrose, glucosyl sucrose and maltosyl sucrose are major components.
Coupling sugar is produced by allowing a cyclodextrin glucanotransferase, which is produced by Bacillus megaterium
or the like, to act on a mixed solution of sucrose and starch, for example. Coupling sugar may be obtained from Hay-
ashibara Shoji, Inc., for example.
[0064] Starch is a mixture of amylose and amylopectin. As starch, any starch which is usually commercially available
may be used. The ratio of amylose to amylopectin contained in starch varies depending on the type of plant which
produces the starch. The majority of starch contained in waxy rice, waxy corn, and the like is amylopectin. On the other
hand, starch consisting only of amylose, with no amylopectin cannot be obtained from normal plants.
[0065] Starch is divided into naturally occurring starch, starch degradation products, and processed starch.
[0066] Naturally occurring starch is divided, by the raw material from which it is derived, into tuber starch and cereal
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starch. Examples of tuber starch include potato starch, tapioca starch, sweet potato starch, kudzu starch, bracken starch,
and the like. Examples of cereal starch include corn starch, wheat starch, rice starch, and the like. An example of naturally
occurring starch is high-amylose starch (e.g., high-amylose corn starch) which has an increased amylose content as
high as 50% to 70% as a result of breeding of plants producing starch. Another example of naturally occurring starch is
waxy starch which does not contain amylose as a result of breeding of plants producing starch.
[0067] Soluble starch refers to water soluble starch obtained by subjecting naturally occurring starch to various treat-
ments.
[0068] Processed starch is starch obtained by subjecting naturally occurring starch to a treatment, such as hydrolysis,
esterification, gelatinization, or the like, to confer a property for better ease of utilization. A wide variety of processed
starch can be available which have various combinations of properties, such as, for example, temperature at which
gelatinization starts, the viscosity of starch paste, the transparency of starch paste, aging stability, and the like. There
are various types of processed starch. An example of such starch is starch which is obtained by immersing starch
granules in an acid at a temperature of no more than the gelatinization temperature of the starch so that starch molecules
are cleaved but starch granules are not broken.
[0069] Starch degradation products are oligosaccharides or polysaccharides obtained by subjecting starch to treat-
ment, such as enzyme treatment, hydrolysis, or the like, which have a lower molecular weight than before the treatment.
Examples of starch degradation products include starch degraded by a debranching enzyme, starch degraded by phos-
phorylase and starch partially degraded by hydrolysis.
[0070] Starch degraded by a debranching enzyme is obtained by allowing a debranching enzyme to act on starch. By
changing the action time of the debranching enzyme to various extents, starch degraded by a debranching enzyme in
which branching portions (i.e., α-1,6-glucoside bond) are cleaved to an arbitrary extent can be obtained. Examples of
the starch degraded by a debranching enzyme include degradation products of 4 to 10,000 saccharide units having 1
to 20 α-1,6-glucoside bonds, degradation products of 3 to 500 saccharide units without a α-1,6-glucoside bond, malto-
oligosaccharide, and amylose. In the case of the starch degraded by a debranching enzyme, the distribution of the
molecular weight of the resultant degradation products may vary depending on the type of degraded starch. The starch
degraded by a debranching enzyme may be a mixture of sugar chains having various lengths.
[0071] Starch degraded by phosphorylase is obtained by allowing glucan phosphorylase (also referred to as phos-
phorylase) to act on starch. Glucan phosphorylase transfers a glucose residue from a non-reducing terminal of starch
to other substrates on a saccharide-unit-by-saccharide-unit basis. Glucan phosphorylase cannot cleave a α-1,6-glucoside
bond. Therefore, if glucan phosphorylase is allowed to act on starch for a sufficiently long time, a degradation product
in which cleavage is ended at an α-1,6-glucoside bond is obtained. In the present invention, the number of saccharide
units contained in starch degraded by phosphorylase is preferably about 10 to about 100,000, more preferably about
50 to about 50,000, and even more preferably about 100 to about 10,000. In the case of the starch degraded by
phosphorylase, the distribution of the molecular weight of the degradation products may vary depending on the type of
starch to be degraded. The starch degraded by phosphorylase may be a mixture of sugar chains having various lengths.
[0072] Dextrin and starch partially degraded by hydrolysis refer to degradation products obtained by degrading starch
partially by the action of an acid, an alkali, an enzyme, or the like. In the present invention, the number of saccharide
units contained in dextrin and starch partially degraded by hydrolysis is preferably about 10 to about 100,000, more
preferably about 50 to about 50,000, and even more preferably about 100 to about 10,000. In the case of dextrin and
starch partially degraded by hydrolysis, the distribution of the molecular weight of the resultant degradation products
may vary depending on the type of starch to be degraded. Dextrin and the starch partially degraded by hydrolysis may
be a mixture of sugar chains having various lengths.
[0073] The starch is preferably selected from the group consisting of soluble starch, waxy starch, high-amylose starch,
starch degraded by a debranching enzyme, starch degraded by phosphorylase, starch partially degraded by hydrolysis,
processed starch, and derivatives thereof.
[0074] In the method of the present invention, derivatives of the above-described various saccharides may be used
as a primer. For example, derivatives in which at least one alcoholic hydroxyl group of the above-described saccharides
have been hydroxyalkylated, alkylated, acetylated, carboxymethylated, sulfated, phosphorylated, or like may be used.
Further, a mixture including at least two of the above-described derivatives may be used as a raw material.

(3) Inorganic phosphate or glucose-1-phosphate:

[0075] In the present specification, inorganic phosphate refers to a substance capable of providing a phosphate sub-
strate in a SP reaction. Here, a phosphate substrate refers to a substance which is a raw material for a phosphate moiety
of glucose-1-phosphate. In sucrose phosphorolysis catalyzed by sucrose phosphorylase, inorganic phosphate is believed
to act as a substrate in the form of a phosphate ion. In the art, such a substrate is conventionally called inorganic
phosphate, so that in the present specification, this substrate is referred to as inorganic phosphate. Inorganic phosphate
includes phosphoric acid and inorganic salts of phosphoric acid. Typically, inorganic phosphate is used in water containing
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cations, such as alkali metal ions. In this case, phosphoric acid, phosphate salts, and phosphate ions are brought into
equilibrium, so that it is difficult to distinguish phosphoric acid from phosphate salts . Therefore, for convenience, phos-
phoric acid and phosphate salts are referred to as inorganic phosphate. In the present invention, inorganic phosphate
is preferably any metal salt of phosphoric acid, and more preferably any alkali metal salts of phosphoric acid. Preferable
specific examples of inorganic phosphate include sodium dihydrogen phosphate, disodium hydrogen phosphate, triso-
dium phosphate, potassium dihydrogen phosphate, dipotassium hydrogen phosphate, tripotassium phosphate, phos-
phoric acid (H3PO4), ammonium dihydrogen phosphate, diammonium hydrogen phosphate, and the like.
[0076] Only one type or a plurality of types of inorganic phosphate may be contained in a SP-GP reaction system at
the start of a reaction.
[0077] Inorganic phosphate may be provided, for example, by adding a degradation product of a condensed phosphoric
acid, such as polyphosphate (e.g., pyrophosphoric acid, triphosphoric acid and tetraphosphoric acid) or a salt thereof,
which was degraded by a physical, chemical, or enzymatic reaction, to a reaction solution.
[0078] In the present specification, glucose-1-phosphate refers to glucose-1-phosphate (C6H13O9P) and salts thereof.
Glucose-1-phosphate is preferably any metal salt of glucose-1-phosphate (C6H13O9P) in a narrow sense, and more
preferably any alkali metal salt of glucose-1-phosphate (C6H13O9P). Preferable specific examples of glucose-1-phos-
phate include disodium glucose-1-phosphate, dipotassium glucose-1-phosphate, glucose-1-phosphate (C6H13O9P),
and the like. In the present specification, glucose-1-phosphate without a parenthesized chemical formula represents
glucose-1-phosphate in a broad sense, i.e., glucose-1-phosphate (C6H13O9P) in a narrow sense and salts thereof.
[0079] Only one type or a plurality of types of glucose-1-phosphate may be contained in a SP-GP reaction system at
the start of a reaction.
[0080] In the method of the present invention, the ratio of phosphate and glucose-1-phosphate in a reaction solution
at the start of the reaction may be any arbitrary ratio.
[0081] The sum of the molar concentrations of inorganic phosphate and glucose-1-phosphate contained in a reaction
solution is representatively about 1 mM to about 1000 mM, preferably about 10 mM to about 500 mM, and more preferably
about 20 mM to about 250 mM. Each of the molar concentrations of inorganic phosphate and glucose-1-phosphate is
adjusted so that the maximum value of the sucrose-phosphate ratio in a reaction solution from the start of a reaction to
the end of the reaction is representatively no more than about 17, preferably at least about 0.5 and no more than about
15, more preferably at least about 1 and no more than about 10, and even more preferably at least about 2 and no more
than about 7. In the case of the above-described fourth method of the invention, each of the molar concentrations of
inorganic phosphate and glucose-1-phosphate is adjusted so that sucrose-phosphate ratio of the reaction solution at
the start of the reaction is in the above-described range. In the case of the above-described fifth method of the invention,
each of the molar concentrations of inorganic phosphate and glucose-1-phosphate is adjusted so that sucrose-phosphate
ratio of the reaction solution at the time of finishing the step of further adding sucrose, inorganic phosphate or glucose-
1-phosphate to the reaction solution is in the above-described range. If the amount of inorganic phosphate and glucose-
1-phosphate is excessively great, the glucan yield may be reduced. If such an amount to be used is excessively small,
it may takes a long time to synthesize glucans.
[0082] The inorganic phosphate content of a SP-GP reaction system may be quantitated by a method described below
in Section 1. 4. The glucose-1-phosphate content of a SP-GP reaction system may be quantitated by a method described
below in Section 1. 3. In cases where a phosphor-containing substance which is not involved in the reaction is not used,
the total content of inorganic phosphate and glucose-1-phosphate may be determined by atomic absorption spectroscopy.
[0083] It should be noted that in the case of the above-described second method, i.e., when a reaction is conducted
at a reaction temperature of about 40°C to about 70°C, the above-described maximum value is not necessarily no more
than about 17.

(4) Sucrose phosphorylase (EC. 2. 4. 1. 7):

[0084] In the present specification, "sucrose phosphorylase" refers to any enzyme which performs phosphorolysis by
transferring an α-glycosyl group of sucrose to a phosphate group. A reaction catalyzed by sucrose phosphorylase is
represented by the following formula:

sucrose + inorganic phosphate ↔ α-D-glucose-1-phosphate +D-fructose

[0085] Sucrose phosphorylase is contained in various organisms in nature. Examples of organisms producing sucrose
phosphorylase include, but are not limited to, bacteria of the genus Streptococcus (e.g., Streptococcus thermophilus,
Streptococcus mutans, Streptococcus pneumoniae, and Streptococcus mitis), Leuconostoc mesenteroides, Pseu-
domonas sp., Clostridium sp., Pullularia pullulans, Acetobacter xylinum, Agrobacterium sp., Synecococcus sp., E. coli,
Listeria monocytogenes, Bifidobacterium adolescentis, Bifidobacterium adolescentis, Aspergillus niger, Monilia sitophila,
Sclerotinea escerotiorum, and Chlamydomonas sp.
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[0086] Sucrose phosphorylase may be derived from any organisms producing sucrose phosphorylase. Sucrose phos-
phorylase preferably has heat-resistance to some extent. The higher the heat-resistance of sucrose phosphorylase
which is present alone, the more preferable the sucrose phosphorylase. For example, a sucrose phosphorylase is
preferable in which when the sucrose phosphorylase is heated in the presence of 4% sucrose at 55°C for 30 minutes,
retains at least 50% of the activity of the sucrose phosphorylase as compared to the activity of the sucrose phosphorylase
before the heating. Sucrose phosphorylase is preferably derived from bacteria of the genus Streptococcus, even more
preferably derived from Streptococcus mutans, Streptococcus thermophilus, Streptococcus pneumoniae, or Strepto-
coccus mitis.
[0087] In the present specification, an enzyme being "derived from" a certain organism not only means direct isolation
from the organism, but also refers to that the enzyme is obtained by utilization of the organism in some manner. For
example, when a gene encoding the enzyme obtained from the organism is introduced into E. coli and the enzyme is
isolated from the E. coli, the enzyme is said to be "derived" from the organism.
[0088] Sucrose phosphorylase for use in the present invention may be isolated directly from an organism as described
above which exists in nature and produces sucrose phosphorylase. Sucrose phosphorylase for use in the present
invention may be isolated from a microorganism (e.g., bacteria, fungi, and the like) which has been obtained by gene
recombination using a gene encoding sucrose phosphorylase isolated from the above-described organisms.
[0089] Sucrose phosphorylase for use in the method of the present invention may be prepared as described below,
for example. Initially, a microorganism (e.g., bacteria, fungi, and the like) producing sucrose phosphorylase is cultured.
This microorganism may be a microorganism which directly produces sucrose phosphorylase. Alternatively, a gene
encoding sucrose phosphorylase is cloned, and using the resultant gene, a microorganism (e.g., bacteria, fungi, and
the like) useful for expression of sucrose phosphorylase is subjected to gene recombination to obtain a recombinant
microorganism. Sucrose phosphorylase may be obtained from the resultant microorganism.
[0090] A microorganism for use in gene recombination using the sucrose phosphorylase gene may be easily selected
by considering various conditions, such as the ease of expression of sucrose phosphorylase, the ease of cultivation,
the growth rate, the safety, and the like. It is preferable that sucrose phosphorylase does not contain amylase as
contaminant. Therefore, it is preferable that a microorganism (e.g., bacteria, fungi, and the like) which produces or
expresses no or a low level of amylase is used in gene recombination. For gene recombination of sucrose phosphorylase,
mesophiles, such as E. coli or Bacillus subtilis, are preferably used. Sucrose phosphorylase produced by a microorganism
(e.g., bacteria, fungi, and the like), which produces or expresses no or a low level of amylase, contains substantially no
amylase, and therefore is preferable for use in the method of the present invention.
[0091] Gene recombination of a microorganism (e.g., bacteria, fungi, and the like) using cloned genes may be conducted
by a method well known to those skilled in the art. When a cloned gene is used, the gene is preferably operably-linked
to a constitutive promoter or an inducible promoter. "Operably-linked" indicates that a promoter and a gene are linked
together so that expression of the gene is controlled by the promoter. When an inducible promoter is used, culture is
preferably conducted under induction conditions. Various inducible promoters are known to those skilled in the art.
[0092] For cloned genes, base sequences encoding a signal peptide may be linked to the genes in order to secrete
the produced sucrose phosphorylase outside the bacterial cell. Base sequences encoding a signal peptide are known
to those skilled in the art.
[0093] Those skilled in the art can appropriately determine the conditions for culturing a microorganism (e.g. , bacteria,
fungi, and the like) in order to produce sucrose phosphorylase. Appropriate media for culturing a microorganism, the
appropriate conditions for inducing each inducible promoter and the like are known to those skilled in the art.
[0094] After an appropriate time of culturing, sucrose phosphorylase is recovered from the culture. When the produced
sucrose phosphorylase is secreted outside the bacterial cell, the bacterial cell can be removed by centrifugation to obtain
sucrose phosphorylase in the supernatant. When sucrose phosphorylase produced inside the bacterial cell is not secreted
outside the bacterial cell, the microorganisms are destroyed by sonication, mechanical destruction, chemical destruction,
or the like to obtain destroyed bacterial cell solution.
[0095] In the method of the present invention, the destroyed bacterial cell solution may be used without purification.
Thereafter, the destroyed bacterial cell solution may be centrifuged to remove the debris of the bacterial cell, thereby
obtaining the supernatant. The resultant supernatant can be subjected to a well-known method including ammonium
sulfate or ethanol precipitation, acid extraction, anion- or cation-exchange chromatography, phosphocellulose chroma-
tography, hydrophobic interaction chromatography, affinity chromatography, hydroxylapatite chromatography, and lectin
chromatography to recover the enzyme of the present invention. The recovered product may be purified if necessary.
[0096] In a preferred embodiment, sucrose phosphorylase may be heated in an arbitrary stage of a purification process
in the presence of sucrose (representatively about 4% to about 30%, preferably about 8% to about 30%, and more
preferably about 8% to about 25%). The temperature of a solution in this heating process is preferably such that when
this solution is heated for 30 minutes, at least 50% and more preferably at least 80% of the activity of sucrose phospho-
rylase is retained as compared to the activity of sucrose phosphorylase contained in the solution before the heating.
Such a temperature is preferably about 50°C to about 80°C, and more preferably about 55°C to about 70°C. For example,
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in the case of sucrose phosphorylase derived from S. mutans, the reaction temperature is preferably about 50°C to
about 60°C. When heating is conducted, the time for heating may be arbitrarily determined by considering the reaction
temperature as long as the activity of sucrose phosphorylase is not significantly impaired. The heating time is represent-
atively about 10 minutes to about 90 minutes, and more preferably about 30 minutes to about 60 minutes.
[0097] The amount of sucrose phosphorylase contained in a solution at the start of a reaction is representatively about
0.05 to 1,000 U/g sucrose, preferably about 0.1 to 500 U/g sucrose, and more preferably about 0.5 to 100 U/g sucrose
relative to sucrose in the solution at the start of the reaction. When the weight of sucrose phosphorylase is excessively
great, enzymes denatured in a reaction may be likely to aggregate. When the amount to be used is excessively small,
the glucan yield may be reduced.
[0098] Sucrose phosphorylase may either be purified or not be purified. Sucrose phosphorylase may either be immo-
bilized or not be immobilized. Sucrose phosphorylase is preferably immobilized. As a method for immobilization, a carrier
binding method (e.g., a covalent binding method, an ionic binding method, or a physical adsorption method), a cross-
linking method, an entrapment method (lattice type or microcapsule type) or the like, which are well known to those
skilled in the art, may be used. Sucrose phosphorylase is preferably immobilized on a carrier.

(5) Glucan phosphorylase (EC. 2. 4. 1. 1):

[0099] Glucan phosphorylase is a generic term for enzymes which catalyze phosphorolysis of α-1,4-glucans, and are
also called phosphorylase, starch phosphorylase, glycogen phosphorylase, maltodextrin phosphorylase, or the like.
Glucan phosphorylase can also catalyze an α-1,4-glucan synthesis reaction which is the reverse reaction relative to
phosphorolysis. In which direction a reaction proceeds depends on the amount of substrate. In an organism, where the
amount of inorganic phosphate is abundant, glucan phosphorylase causes a reaction to proceed in the phosphorolysis
direction. In the method of the present invention, since inorganic phosphate is used in phosphorolysis of sucrose and
thus the amount of inorganic phosphate in a reaction solution is small, the reaction proceeds in the α-1,4 glucan synthesis
direction.
[0100] Glucan phosphorylase is believed to be universally present in various plants, animals, and microorganisms
which can store starch or glycogen.
[0101] Examples of plants producing glucan phosphorylase include algae, tuber vegetables (e.g., potatoes, sweet
potatoes, yam, aroid, cassava, and the like), vegetables (e.g., cabbage, spinach, and the like), cereals (e.g., maize, rice,
wheat, barley, rye, foxtail millet, and the like), beans (e.g., pea, soybean, adzuki bean, uzura bean, and the like), and
the like.
[0102] Examples of animals which produce glucan phosphorylase include mammals (e.g., humans, rabbits, rats, pigs,
and the like), and the like.
[0103] Examples of microorganisms which produce glucan phosphorylase include Thermus aquaticus, Bacillus stearo-
thermophilus, Deinococcus radiodurans, Thermococcus litoralis, Streptomyces coelicolor, Pyrococcus horikoshi, Myco-
bacterium tuberculosis, Thermotoga maritima, Aquifex aeolicus, Methanococcus jannaschii, Pseudomonas aeruginosa,
Chlamydia pneumoniae, Chlorella vulgaris, Agrobacterium tumefaciens, Clostridium pasteurianum, Klebsiella pneumo-
niae, Synecococcus sp., Synechocystis sp., E. coli, Neurospora crassa, Saccharomyces cerevisiae, Chlamydomonas
sp., and the like. Organisms which produce glucan phosphorylase are not limited to these.
[0104] Glucan phosphorylase for use in the present invention is preferably derived from potato, Thermus aquaticus,
or Bacillus stearothermophilus, and more preferably potato. Preferably, glucan phosphorylase used in the present in-
vention has a high optimal reaction temperature. For example, glucan phosphorylase having a high optimal reaction
temperature may be derived from extremely thermophilic bacteria.
[0105] Glucan phosphorylase for use in the present invention may be isolated directly from animals, plants, and
microorganisms as described above, which are present in nature and produce glucan phosphorylase.
[0106] Glucan phosphorylase for use in the present invention may be isolated from microorganisms (e.g., bacteria,
fungi, and the like) which has been obtained by gene recombination using a gene encoding glucan phosphorylase
isolated from the animals, plants, or microorganisms.
[0107] Glucan phosphorylase may be obtained from recombinant microorganisms in a manner similar to that of sucrose
phosphorylase as described above.
[0108] Similar to the above-described sucrose phosphorylase, a microorganism (e.g., bacteria, fungi, and the like) for
use in gene recombination may be easily selected by considering various conditions, such as the ease of expression of
glucan phosphorylase, the ease of cultivation, the growth rate, the safety, and the like. It is preferable that glucan
phosphorylase does not contain amylase as contaminant. Therefore, it is preferable that a microorganism (e.g., bacteria,
fungi, and the like) which produces or expresses no or a low level of amylase is used in gene recombination. For gene
recombination of glucan phosphorylase, mesophiles, such as E. coli or Bacillus subtilis, is preferably used. Glucan
phosphorylase produced by a microorganism (e.g., bacteria, fungi, and the like), which produces or expresses no or a
low level of amylase, contains substantially no amylase, and therefore is preferable for use in the method of the present
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invention.
[0109] Production and purification of glucan phosphorylase obtained by gene recombination can be conducted in a
manner similar to that for the above-described sucrose phosphorylase.
[0110] The amount of glucan phosphorylase contained in a solution at the start of reaction is representatively about
0.05 to 1,000 U/g sucrose, preferably about 0.1 to 500 U/g sucrose, and more preferably about 0.5 to 100 U/g sucrose
relative to sucrose in a solution at the start of reaction. If the weight of glucan phosphorylase is excessively great, the
enzyme denatured in a reaction may be likely to aggregate . When the amount to be used is excessively small, the
glucan yield may be reduced.
[0111] Glucan phosphorylase may either be purified or not be purified. Glucan phosphorylase may either be immobilized
or not be immobilized. Glucan phosphorylase is preferably immobilized. As a method for immobilization, a carrier binding
method (e.g., a covalent binding method, an ionic binding method, or a physical adsorption method), a cross-linking
method, an entrapment method (lattice type or microcapsule type) or the like, which are well known to those skilled in
the art, may be used. Glucan phosphorylase is preferably immobilized on a carrier. Glucan phosphorylase may also be
immobilized on the same carrier as that for sucrose phosphorylase, or on another carrier, and preferably on the same
carrier.

(6) Debranching enzyme:

[0112] In the method of the present invention, when branches are generated in products, such as when a starting
material containing α-1,6-glucoside bonds is used, a debranching enzyme can be used if necessary.
[0113] Debranching enzymes which can be used in the present invention are enzymes capable of cleaving a α-1,6-
glucoside bond. The debranching enzymes are divided into two categories, i.e., isoamylase (EC 3.2.1.68) which acts
well on both amylopectin and glycogen, and α-dextrin endo-1,6-α-glucosidase (also referred to as pullulanase) (EC
3.2.1.41) which acts on amylopectin, glycogen and pullulan.
[0114] Debranching enzymes are present in microorganisms, bacteria, and plants. Examples of microorganisms pro-
ducing a debranching enzyme include Saccharomyces cerevisiae and Chlamydomonas sp. Examples of bacteria pro-
ducing a debranching enzyme include Bacillus brevis, Bacillus acidopullulyticus, Bacillus macerans, Bacillus stearother-
mophilus, Bacillus circulans, Thermus aquaticus, Klebsiella pneumoniae, Thermoactinomyces thalpophilus, Thermoa-
naerobacter ethanolicus, Pseudomonas amyloderamosa, and the like. Examples of plants producing a debranching
enzyme include potato, sweet potato, maize, rice, wheat, barley, oat, sugarbeet, and the like. Organisms producing a
debranching enzyme are not limited to these.
[0115] A debranching enzyme which can be used in the present invention is preferable derived from Klebsiella pneu-
moniae, Bacillus brevis, Bacillus acidopullulyticus, or Pseudomonas amyloderamosa, and more preferably Klebsiella
pneumoniae, or Pseudomonas amyloderamosa. Preferably, the debranching enzyme used in the present invention has
a high optimal reaction temperature. For example, the debranching enzyme having a high optimal reaction temperature
may be derived from extremely thermophilic bacteria.
[0116] A debranching enzyme which can be used in the present invention may be isolated directly from microorganisms,
bacteria, and plants as described above, which are present in nature and produce a debranching enzyme.
[0117] A debranching enzyme which can be used in the present invention may be isolated from a microorganism (e.g.,
bacteria, fungi, and the like) which has been obtained by gene recombination using a gene encoding the debranching
enzyme isolated from the microorganisms, bacteria, and plants.
[0118] A debranching enzyme may be obtained from recombinant microorganisms in a manner similar to that of
sucrose phosphorylase as described above.
[0119] Similar to the above-described sucrose phosphorylase, a microorganism (e.g., bacteria, fungi, and the like)
used in gene recombination may be easily selected by considering various conditions, such as the ease of expression
of a debranching enzyme, the ease of cultivation, the growth rate, the safety, and the like. It is preferable that a debranching
enzyme does not contain amylase as contaminant. Therefore, it is preferable that a microorganism (e.g., bacteria, fungi,
and the like) which produces or expresses no or a low level of amylase is used in gene recombination. For gene
recombination of a debranching enzyme, mesophiles, such as E. coli or Bacillus subtilis, are preferably used. A de-
branching enzyme produced by a microorganism (e.g., bacteria, fungi, and the like), which produces or expresses no
or a low level of amylase, contains substantially no amylase, and therefore is preferable for use in the method of the
present invention.
[0120] Production and purification of a debranching enzyme obtained by gene recombination can be conducted in a
manner similar to that for the above-described sucrose phosphorylase.
[0121] The amount of a debranching enzyme contained in a solution at the start of reaction is representatively about
0.05 to 1,000 U/g sucrose, preferably about 0.1 to 500 U/g sucrose, and more preferably about 0.5 to 100 U/g sucrose
relative to sucrose in a solution at the start of the reaction. If the weight of a debranching enzyme is excessively great,
the enzyme denatured in a reaction may be likely to aggregate. When the amount to be used is excessively small, the
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glucan yield may be reduced.
[0122] A debranching enzyme may either be purified or not be purified. A debranching enzyme may either be immo-
bilized or not be immobilized. A debranching enzyme is preferably immobilized. As a method for immobilization, a carrier
binding method (e.g., a covalent binding method, an ionic binding method, or a physical adsorption method), a cross-
linking method, an entrapment method (lattice type or microcapsule type) or the like, which are well known to those
skilled in the art, may be used. A debranching enzyme is preferably immobilized on a carrier. A debranching enzyme
may also be immobilized on the same carrier as that for at least one of sucrose phosphorylase and glucan phosphorylase,
or on another carrier, and preferably on the same carrier as that both for sucrose phosphorylase and glucan phospho-
rylase.

(7) Branching enzyme (EC.2.4.1.18):

[0123] In the method of the present invention, when it is desired that branches are generated in a product, a branching
enzyme can be used if necessary.
[0124] A branching enzyme which can be used in the present invention is an enzyme which can transfer a portion of
an α-1,4-glucan chain to position 6 of a glucose residue in the α-1,4-glucan chain to produce a branch. A branching
enzyme is also called a 1,4-α-glucan branching enzyme, a branch-producing enzyme, or a Q enzyme.
[0125] A branching enzyme is present in microorganisms, animals, and plants. Examples of microorganisms producing
a branching enzyme include Bacillus stearothermophilus, Bacillus subtilis, Bacillus caldolyticus, Bacillus licheniformis,
Bacillus amyloliquefaciens, Bacillus coagulans, Bacillus caldovelox, Bacillus thermocatenulatus, Bacillus smithii, Bacillus
megaterium, Bacillus brevis, Alkalophillic Bacillus sp., Streptomyces coelicolor, Aquifex aeolicus, Synechosystissp., E.
coli, Agrobacterium tumefaciens, Thermus aquaticus, Rhodothermus obamensis, Neurospora crassa, yeast, and the
like. Examples of animals producing a branching enzyme include mammals, such as humans, rabbits, rats, pigs, and
the like. Examples of plants producing a branching enzyme include algae, tuber vegetables (e.g., potatoes, sweet
potatoes, yam, aroid, cassava, and the like), vegetables (e.g., spinach, and the like), cereals (e.g., maize, rice, wheat,
barley, rye, foxtail millet, and the like), beans (e.g., pea, soybean, adzuki bean, uzura bean, and the like), and the like.
Organisms producing a branching enzyme are not limited to these.
[0126] A branching enzyme which can be used in the present invention is preferably derived from potato, Bacillus
stearothermophilus, or Aquifex aeolicus, and more preferably Bacillus stearothermophilus or Aquifex aeolicus. Preferably,
a branching enzyme used in the present invention has a high optimal reaction temperature. For example, a branching
enzyme having a high optimal reaction temperature may be derived from extremely thermophilic bacteria.
[0127] A branching enzyme which can be used in the present invention may be isolated directly from microorganisms,
animals, and plants as described above, which are present in nature and produce a branching enzyme.
[0128] A branching enzyme which can be used in the present invention may be isolated from a microorganism (e.g.,
bacteria, fungi, and the like) which has been obtained by gene recombination using a gene encoding the branching
enzyme isolated from the microorganisms, animals, and plants.
[0129] A branching enzyme may be obtained from recombinant microorganisms in a manner similar to that of sucrose
phosphorylase as described above.
[0130] Similar to the above-described sucrose phosphorylase, a microorganism (e.g., bacteria, fungi, and the like)
used in gene recombination may be easily selected by considering various conditions, such as the ease of expression
of a branching enzyme, the ease of cultivation, the growth rate, the safety, and the like. It is preferable that a branching
enzyme does not contain amylase as contaminant. Therefore, it is preferable that a microorganism (e.g., bacteria, fungi,
and the like) which produces or expresses no or a low level of amylase is used in gene recombination. For gene
recombination of a branching enzyme, mesophiles, such as E. coli or Bacillus subtilis, are preferably used. A branching
enzyme produced by a microorganism (e.g., bacteria, fungi, and the like), which produces or expresses no or a low level
of amylase, contains substantially no amylase, and therefore is preferable for use in the method of the present invention.
[0131] Production and purification of a branching enzyme obtained by gene recombination can be conducted in a
manner similar to that for the above-described sucrose phosphorylase.
[0132] The amount of a branching enzyme contained in a solution at the start of the reaction is representatively about
10 to about 100,000 U/g sucrose, preferably about 100 to about 50,000 U/g sucrose, and more preferably about 1,000
to about 10,000 U/g sucrose relative to sucrose in a solution at the start of the reaction. If the weight of a branching
enzyme is excessively great, the enzyme denatured in a reaction may be likely to aggregate. When the amount to be
used is excessively small, the glucan yield may be reduced.
[0133] A branching enzyme may either be purified or not be purified. A branching enzyme may either be immobilized
or not be immobilized. A branching enzyme is preferably immobilized. As a method for immobilization, a carrier binding
method (e.g., a covalent binding method, an ionic binding method, or a physical adsorption method), a cross-linking
method, an entrapment method (lattice type or microcapsule type) or the like, which are well known to those skilled in
the art, may be used. A branching enzyme is preferably immobilized on a carrier. A branching enzyme may also be
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immobilized on the same carrier as that for at least one of sucrose phosphorylase and glucan phosphorylase, or on
another carrier, and preferably on the same carrier as that for both sucrose phosphorylase and glucan phosphorylase.

(8) 4-α-glucanotransferase (EC.2.4.1.25)

[0134] In the method of the present invention, when a cyclic structure is to be generated in a product, 4-α-glucan-
otransferase can be used if necessary.
[0135] A 4-α-glucanotransferase which may be used in the present invention is an enzyme which is also called dis-
proportionating enzyme, D-enzyme, amylomaltase, disproportionation enzyme, and the like, and can catalyze saccharide
transfer reaction (disproportionation reaction) of malto-oligosaccharides. A 4-α-glucanotransferase is an enzyme which
transfers a glycosyl group, or a maltosyl or malto-oligosyl unit from a non-reducing terminal of a donor molecule to a
non-reducing terminal of an acceptor molecule. Therefore, the enzyme reaction leads to disproportionation of the degree
of polymerization of the initially provided malto-oligosaccharides. When the donor molecule is the same as the acceptor
molecule, intramolecular transfer occurs, resulting in a product having a cyclic structure.
[0136] 4-α-glucanotransferases are present in microorganisms and plants. Examples of microorganisms producing
4-α-glucanotransferase include Aquifex aeolicus, Streptococcus pneumoniae, Clostridium butylicum, Deinococcus ra-
diodurans, Haemophilus influenzae, Mycobacterium tuberculosis, Thermococcus litralis, Thermotoga maritima, Ther-
motoga neapolitana, Chlamydia psittaci, Pyrococcus sp., Dictyoglomus thermophilum, Borrelia burgdorferi, Synecho-
systis sp., E. coli, Thermus aquaticus, and the like. Examples of plants producing 4-α-glucanotransferase include tuber
vegetables (e.g., potato, sweet potato, yam, cassava, and the like), cereals (e.g., maize, rice, wheat, and the like), beans
(e.g., pea, soy bean, and the like), and the like. Organisms producing 4-α-glucanotransferase are not limited to these.
[0137] 4-α-glucanotransferase which can be used in the present invention is preferably derived from potato, Thermus
aquaticus, or Thermococcus litralis, and more preferably potato or Thermus aquaticus. Preferably, 4-α-glucanotrans-
ferase used in the present invention has a high optimal reaction temperature. For example, 4-α-glucanotransferase
having a high optimal reaction temperature may be derived from extremely thermophilic bacteria.
[0138] 4-α-glucanotransferase which can be used in the present invention may be isolated directly from microorganisms
and plants as described above, which are present in nature and produce 4-α-glucanotransferase.
[0139] 4-α-glucanotransferase which can be used in the present invention may be isolated from a microorganism
(e.g., bacteria, fungi, and the like) which has been obtained by gene recombination using a gene encoding 4-α-glucan-
otransferase isolated from the microorganisms and plants.
[0140] 4-α-glucanotransferase may be obtained from recombinant microorganisms in a manner similar to that of
sucrose phosphorylase as described above.
[0141] Similar to the above-described sucrose phosphorylase, a microorganism (e.g., bacteria, fungi, and the like)
used in gene recombination may be easily selected by considering various conditions, such as the ease of expression
of 4-α-glucanotransferase, the ease of cultivation, the growth rate, the safety, and the like. It is preferable that 4-α-
glucanotransferase does not contain amylase as contaminant. Therefore, it is preferable that a microorganism (e.g.,
bacteria, fungi, and the like) which produces or expresses no or a low level of amylase is used in gene recombination.
For gene recombination of 4-α-glucanotransferase, mesophiles, such as E. coli or Bacillus subtilis, are preferably used.
4-α-glucanotransferase produced by a microorganism (e.g., bacteria, fungi, and the like), which produces or expresses
no or a low level of amylase, contains substantially no amylase, and therefore is preferable for use in the method of the
present invention.
[0142] Production and purification of 4-α-glucanotransferase obtained by gene recombination can be conducted in a
manner similar to that for the above-described sucrose phosphorylase.
[0143] The amount of 4-α-glucanotransferase contained in a solution at the start of reaction is representatively about
0.05 to 1,000 U/g sucrose, preferably about 0.1 to 500 U/g sucrose, and more preferably about 0.5 to 100 U/g sucrose
relative to sucrose in a solution at the start of reaction. If the weight of 4-α-glucanotransferase is excessively great, the
enzyme denatured in a reaction may be likely to aggregate . When the amount to be used is excessively small, the
glucan yield may be reduced.
[0144] 4-α-glucanotransferase may either be purified or not be purified. 4-α-glucanotransferase may either be immo-
bilized or not be immobilized. 4-α-glucanotransferase is preferably immobilized. As a method for immobilization, a carrier
binding method (e.g., a covalent binding method, an ionic binding method, or a physical adsorption method), a cross-
linking method, an entrapment method (lattice type or microcapsule type) or the like, which are well known to those
skilled in the art, may be used. 4-α-glucanotransferase is preferably immobilized on a carrier. 4-α-glucanotransferase
may also be immobilized on the same carrier as that for at least one of sucrose phosphorylase and glucan phosphorylase,
or on another carrier, and preferably on the same carrier as that for both sucrose phosphorylase and glucan phospho-
rylase.
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(9) Glycogen debranching enzyme (EC.2.4.1.25/EC.3.2.1.33)

[0145] In the method of the present invention, when a cyclic structure is to be generated in a product, a glycogen
debranching enzyme can be used if necessary.
[0146] A glycogen debranching enzyme which can be used in the present invention is an enzyme which has two types
of activity, i.e., α-1,6-glucosidase activity and 4-α-glucanotransferase activity. Due to the 4-α-glucanotransferase activity
possessed by a glycogen debranching enzyme, a product having a cyclic structure is obtained.
[0147] A glycogen debranching enzyme is present in microorganisms and animals. Examples of microorganisms
producing a glycogen debranching enzyme include yeasts and the like. Examples of animals producing a glycogen
debranching enzyme include mammals, such as humans, rabbits, rats, pigs, and the like. Organisms producing a glycogen
debranching enzyme are not limited to these.
[0148] A glycogen debranching enzyme which can be used in the present invention is preferably derived from yeasts.
Preferably, a glycogen debranching enzyme used in the present invention has a high optimal reaction temperature. For
example, a glycogen debranching enzyme having a high optimal reaction temperature may be obtained by modifying
an enzyme which can act at moderate temperature using a protein engineering technique.
[0149] A glycogen debranching enzyme which can be used in the present invention may be isolated directly from
microorganisms and animals as described above, which are present in nature and produce the glycogen debranching
enzyme.
[0150] A glycogen debranching enzyme which can be used in the present invention may be isolated from microorgan-
isms (e.g., bacteria, fungi, and the like) which have been obtained by gene recombination using a gene encoding the
glycogen debranching enzyme isolated from the microorganisms and animals.
[0151] A glycogen debranching enzyme may be obtained from recombinant microorganisms in a manner similar to
that of sucrose phosphorylase as described above.
[0152] Similar to the above-described sucrose phosphorylase, a microorganism (e.g., bacteria, fungi, and the like)
used in gene recombination may be easily selected by considering various conditions, such as the ease of expression
of a glycogen debranching enzyme, the ease of cultivation, the growth rate, the safety, and the like. It is preferable that
a glycogen debranching enzyme does not contain amylase as contaminant. Therefore, it is preferable that a microor-
ganism (e.g., bacteria, fungi, and the like) which produces or expresses no or a low level of amylase is used in gene
recombination. For gene recombination of a glycogen debranching enzyme, mesophiles, such as E. coli or Bacillus
subtilis, are preferably used. A glycogen debranching enzyme produced by a microorganism (e.g., bacteria, fungi, and
the like), which produces or expresses no or a low level of amylase, contains substantially no amylase, and therefore
is preferable for use in the method of the present invention.
[0153] Production and purification of a glycogen debranching enzyme obtained by gene recombination can be con-
ducted in a manner similar to that for the above-described sucrose phosphorylase.
[0154] The amount of a glycogen debranching enzyme contained in a solution at the start of reaction is representatively
about 0.01 to 5,000 U/g sucrose, preferably about 0.1 to 1,000 U/g sucrose, and more preferably about 1 to 500 U/g
sucrose relative to sucrose in a solution at the start of reaction. If the weight of a glycogen debranching enzyme is
excessively great, the enzyme denatured in a reaction may be likely to aggregate. When the amount to be used is
excessively small, the glucan yield may be reduced.
[0155] A glycogen debranching enzyme may either be purified or not be purified. A glycogen debranching enzyme
may either be immobilized or not be immobilized. A glycogen debranching enzyme is preferably immobilized. As a
method for immobilization, a carrier binding method (e.g., a covalent binding method, an ionic binding method, or a
physical adsorption method), a cross-linking method, an entrapment method (lattice type or microcapsule type) or the
like, which are well known to those skilled in the art, may be used. A glycogen debranching enzyme is preferably
immobilized on a carrier. A glycogen debranching enzyme may also be immobilized on the same carrier as that for at
least one of sucrose phosphorylase and glucan phosphorylase, or on another carrier, and preferably on the same carrier
as that for both sucrose phosphorylase and glucan phosphorylase.

(10) Solvent:

[0156] A solvent used in the method of the present invention may be any solvent which does not impair the enzyme
activities of sucrose phosphorylase and glucan phosphorylase.
[0157] It is not necessary that the solvent completely dissolves a material used in the method of the present invention,
as long as a reaction which produces glucans can proceed. For example, when an enzyme is carried on a solid carrier,
it is not necessary for the enzyme to be dissolved in a solvent. Further, it is not necessary that all materials to be reacted
are dissolved, and a portion of the materials may be dissolved to an extent that a reaction can proceed.
[0158] A representative solvent is water. A solvent may be the water of a destroyed cell solution obtained along with
sucrose phosphorylase or glucan phosphorylase when preparing the above-described sucrose phosphorylase or glucan
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phosphorylase.
[0159] The water may be any of soft water, intermediate water, and hard water. Soft water refers to water having a
hardness of at least 20°. Intermediate water refers to water having a hardness of at least 10° and less than 20°. Hard
water refers to water having a hardness of less than 10°. The water is preferably soft water or intermediate water, and
more preferably soft water.

(11) Other components:

[0160] A solution containing sucrose, a primer, inorganic phosphate or glucose-1-phosphate, sucrose phosphorylase,
and glucan phosphorylase may contain any other substances as long as the substances do not interrupt the interaction
between sucrose phosphorylase and sucrose and the interaction between glucan phosphorylase and the primer. Ex-
amples of such substances include a buffering agent, the components of a microorganism (e.g., bacteria, fungi, and the
like) producing sucrose phosphorylase, the components of a microorganism (e.g., bacteria, fungi, and the like) producing
glucan phosphorylase, salts, culture medium components, and the like.

<Production of glucans>

[0161] The glucans of the present invention are produced by a step of conducting a reaction in a reaction solution
containing sucrose, a primer, inorganic phosphate or glucose-1-phosphate, sucrose phosphorylase, and glucan phos-
phorylase.
[0162] Figure 1 schematically shows glucan synthesis from sucrose, which is used in the present invention. Glucose-
1-phosphate is produced from sucrose and inorganic phosphate using sucrose phosphorylase. The produced glucose-
1-phosphate, and glucose-1-phosphate added to the reaction solution are immediately transferred to an appropriate
primer by glucan phosphorylase, thereby extending an α-1,4-glucan chain. Further, inorganic phosphate produced in
this case is recycled again in the sucrose phosphorylase reaction.
[0163] Initially, a reaction solution is prepared. For example, the reaction solution may be prepared by adding, to an
appropriate solvent, solid sucrose, a primer, inorganic phosphate or glucose-1-phosphate, sucrose phosphorylase, and
glucan phosphorylase. Alternatively, the reaction solution may be prepared by mixing solutions containing sucrose, a
primer, inorganic phosphate or glucose-1-phosphate, sucrose phosphorylase, and glucan phosphorylase, respectively.
Alternatively, the reaction solution may be prepared by mixing a solution containing some of sucrose, a primer, inorganic
phosphate or glucose-1-phosphate, sucrose phosphorylase, and glucan phosphorylase with the other solid components.
Any buffering agent may be optionally added to the reaction solution as long as it does not inhibit enzyme reactions for
the purpose of adjusting pH. An enzyme selected from the group consisting of debranching enzymes, branching enzymes,
4-α-glucanotransferase, and glycogen debranching enzymes may be optionally added to the reaction solution.
[0164] Thereafter, the reaction solution is allowed to react by optionally heating by a known method in the art. The
reaction temperature may be any value as long as the effect of the present invention can be obtained. When the sucrose
concentration of the reaction solution is 15 % to 50% at the start of a reaction, the reaction temperature may be repre-
sentatively 45°C to 65°C. The temperature of the solution in this reaction step is preferably such that after a predetermined
reaction times at least one, more preferably both, of sucrose phosphorylase and glucan phosphorylase contained in the
solution preferably retains at least about 50% of the activity before the reaction, and more preferably at least about 80%.
[0165] The reaction time may be arbitrarily determined by taking into consideration the reaction temperature, the
molecular weight of the glucan to be produced by the reaction, and the residual activity of the enzymes. The reaction
time is representatively about 1 hour to about 100 hours, more preferably about 1 hour to about 72 hours, even more
preferably about 2 hours to about 36 hours, most preferably about 2 to about 24 hours.
[0166] Heating may be conducted by any means. Preferably, heating is conducted while agitating in order that heat
transfers uniformly in the entire solution. The solution is placed, for example, in a stainless reaction tank comprising a
hot-water jacket and an agitation apparatus, and then agitated.
[0167] In the method of the present invention, when the reaction has proceeded to some extent, at least one of sucrose,
sucrose phosphorylase and glucan phosphorylase may be added to the reaction solution.
[0168] In this manner, a solution containing glucan is produced.
[0169] After the reaction ended, the reaction solution may be optionally heated at 100°C for 10 minutes, for example,
thereby inactivating the enzymes in the reaction solution. Alternatively, subsequent steps may be conducted without a
treatment for inactivation of the enzymes. The reaction solution may be stored without alteration, or may be subjected
to treatment so as to isolate the produced glucan.

<Purification method>

[0170] The produced glucan may be purified if necessary. An example of an impurity removed by the purification is
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fructose. As examples of a method for purifying glucan, there are a method using an organic solvent (T. J. Schoch et
al., J. American Chemical Society, 64, 2957 (1942)) and a method using no organic solvent.
[0171] Examples of the organic solvent which can be used in the purification using an organic solvent include acetone,
n-amylalcohol, pentazole, n-propyl alcohol, n-hexyl alcohol, 2-ethyl-1-butanol, 2-ethyl-1-hexanol, lauryl alcohol, cyclohex-
anol, n-butyl alcohol, 3-pentanol, 4-methyl-2-pentanol, d,l-borneol, α-terpineol, isobutyl alcohol, sec-butyl alcohol, 2-
methyl-1-butanol, isoamyl alcohol, tert-amyl alcohol, menthol, methanol, ethanol and ether.
[0172] Examples of purification methods using no organic solvent will be described below.

(1) A method of precipitating glucan after a glucan producing reaction by cooling a reaction solution and subjecting
the precipitated glucan to a general solid-liquid separation method, such as membrane fractionation, filtration, cen-
trifugation, and the like to purify glucan;

(2) A method of cooling a reaction solution during or after a glucan producing reaction to gel glucan, recovering the
gelled glucan, and removing fructose from the gelled glucan by washing with water, freeze-thawing, filtration, or the
like; and

(3) A method of removing fructose by membrane fractionation using an ultrafiltration membrane or chromatography
after a glucan producing reaction, without precipitating glucan dissolved in water.

[0173] Examples of the ultrafiltration membrane which can be used in the purification include ultrafiltration membranes
(UFmembrane unit manufactured by Daicel Chemical Industries, Ltd.) having a molecular weight cutoff of about 1,000
to about 100,000, preferably about 5,000 to about 50,000, and more preferably about 10,000 to about 30,000.
[0174] Examples of a carrier which can be used in chromatography include a carrier for gel filtration chromatography,
a carrier for ligand exchange chromatography, a carrier for ion exchange chromatography, and a carrier for hydrophobic
chromatography.

(Examples)

[0175] The present invention will be described in more detail by way of the following examples. The present invention
is not limited only to the following examples.

(1. Method for measurement and calculation)

[0176] Each substance in the present invention was determined by the following measurement methods.

(1. 1 Quantification of glucose)

[0177] Glucose was quantitated using a commercially available measurement kit. In the measurement, glucose AR-
II coloring reagent (manufactured by Wako Pure Chemical Industries, Ltd.) was used.

(1. 2 Quantification of fructose)

[0178] Fructose was quantitated using a commercially available measurement kit. In the measurement, F-kit D-glu-
cose/D-fructose (manufactured by Roche) was used.

(1. 3 Quantification of glucose-1-phosphate)

[0179] Glucose-1-phosphate was quantitated using the following method. 600 ml of a solution containing glucose-1-
phosphate appropriately diluted was added to 300 ml of a measurement reagent (200 mM Tris-HCl (pH 7.0), 3 mM
NADP, 15 mM magnesium chloride, 3 mM EDTA, 15 mM glucose-1,6-diphosphate, 6 mg/ml phosphoglucomutase, 6
mg/ml glucose-6-phosphate dehydrogenase), followed by agitation to obtain a reaction system. This reaction system
was kept at 30°C for 30 minutes. Thereafter, the absorbance was measured at 340 nm using a spectrophotometer. The
absorbance of sodium glucose-1-phosphate having a known concentration was measured to prepare a standard curve
in a similar manner. The absorbance obtained from a sample is applied to the standard curve to determine the glucose-
1-phosphate concentration of the sample. Typically, the activity of producing 1 mmol of glucose-1-phosphate per minute
is defined as one unit. In this quantificationmethod, only glucose-1-phosphate is quantitated but not inorganic phosphate.
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(1. 4 Quantification of inorganic phosphate)

[0180] Inorganic phosphate was quantitated by the following method where inorganic phosphate is regarded as phos-
phate ion. A solution (200 ml) containing inorganic phosphate was mixed with 800 ml of molybdenum reagent (15 mM
ammonium molybdate, 100 mM zinc acetate) and 200 ml of 568 mM ascorbic acid (pH 5.0) was added, followed by
agitation, resulting in a reaction system. This reaction system was kept at 30°C for 20 minutes. Thereafter, the absorbance
was measured at 850 nm using a spectrophotometer. The absorbance of inorganic phosphate having a known concen-
tration was measured in a similar manner to prepare a standard curve. The absorbance obtained from a sample was
applied to this standard curve to determine the inorganic phosphate in the sample. In this quantification method, inorganic
phosphate was quantitated, but not glucose-1-phosphate.

(1. 5 Method for calculating the glucan yield)

[0181] The glucan yield produced using inorganic phosphate as a starting material is calculated from the amounts of
glucose, fructose, and glucose-1-phosphate in a solution after the end of a reaction, using the following formula.

[0182] This formula is based on the following principle.
[0183] In the method of the present invention, initially, reaction (A) represented by the following formula can occur.

(A) sucrose + inorganic phosphate → glucose-1-phosphate + fructose

[0184] This reaction is catalyzed by sucrose phosphorylase. In this reaction, sucrose is reacted with inorganic phos-
phate to generate equal molar amounts of glucose-1-phosphate and fructose. The generated fructose no longer reacts
with other materials. Therefore, by determining the molar amount of fructose, the molar amount of the generated glucose-
1-phosphate can be determined.
[0185] Sucrose phosphorylase can catalyze hydrolysis of sucrose in the following reaction (B) as a side reaction in
addition to the above-described reaction (A).

(B) sucrose → glucose + fructose

[0186] The amount of glucose taken into glucan is calculated by:

[0187] Considering fructose produced in reaction (B), the amount of fructose produced by reaction A is calculated by: 

[0188] Therefore, the glucan yield is obtained by the following formula. 



EP 2 135 957 B1

20

5

10

15

20

25

30

35

40

45

50

55

[0189] The glucan yield produced using glucose-1-phosphate as a starting material is calculated from the initial amount
of glucose-1-phosphate, and the amounts of glucose, fructose and glucose-1-phosphate in a solution after the end of a
reaction by the following formula. 

[0190] This formula is based on the following principle.
[0191] In a reaction solution, in addition to initial glucose-1-phosphate, reaction A produces glucose-1-phosphate.
Therefore, the initial glucose-1-phosphate and the produced glucose-1-phosphate may be used in glucan synthesis. By
subtracting the amount of glucose-1-phosphate remaining in the reaction solution after the end of the reaction from the
amount of glucose-1-phosphate which can be used in glucan synthesis, the amount of glucose-1-phosphate used in the
reaction, i.e., the amount of glucose taken into glucan can be calculated. Therefore, the amount of glucose taken into
glucan can be obtained by the above-described formula. It should be noted that this formula can be applied to the case
when in a SP-GP reaction system, both inorganic phosphate and glucose-1-phosphate are used as starting materials.

(1. 6 Glucan yield)

[0192] The glucan yield produced using inorganic phosphate as a starting material is obtained by the following formula. 

[0193] The glucan yield produced using glucose-1-phosphate as a starting material is obtained by the following formula. 

[0194] It should be noted that this formula can be applied to the case when in a SP-GP reaction system, both inorganic
phosphate and glucose-1-phosphate are used as starting materials.

(1. 7 Measurement of activity of glucan phosphorylase)

[0195] The activity unit of glucan phosphorylase was determined by the following method.
[0196] 50 ml of 4% aqueous cluster dextrin solution and 50 ml of 50 mM aqueous sodium glucose-1-phosphate solution
were mixed and further 100 ml of an appropriately diluted enzyme liquid was added to initiate a reaction. The mixture
was allowed to react at 37°C for 15 minutes. Thereafter, 10 ml of 20% SDS was added to arrest the reaction. Thereafter,
the amount of inorganic phosphate in the reaction solution was qualified by the method described in the above 1. 4. The
activity to produce 1 mmol of inorganic phosphate per minute in this method is defined as one unit. In the case of the
glucan phosphorylase derived from Thermus aquaticus, the activity of glucan phosphorylase was measured by reacting
at 50°C instead of 37°C.

(1. 8 Measurement of the activity of sucrose phosphorylase)

[0197] The activity of sucrose phosphorylase was obtained by the following method.
[0198] 25 ml of 10% sucrose and 20 ml of 500 mM phosphate buffered solution (pH 7.0) were mixed. 5 ml of appropriately
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diluted enzyme liquid from which insoluble proteins had been removed was added to the mixture, followed by agitation
to obtain a reaction system. This reaction system was allowed to react at 37°C for 20 minutes. Thereafter, the reaction
system was heated at 100°C for 5 minutes to arrest the reaction. Thereafter, glucose-1-phosphate in the solution after
the reaction was quantitated. Typically, the activity to produce 1 mmol of glucose-1-phosphate per minute is defined as
one unit.

(2. Preparation of enzyme)

[0199] Various enzymes used in the examples of the present invention were prepared by the following respective
methods.

(2. 1 Method for preparing glucan phosphorylase derived from potato tuber)

[0200] 1.4 kg of commercially available potato tubers were peeled. The peeled tubers were ground by a juicer to obtain
a juice. Thereafter, the juice was filtered with gauze to obtain a filtrate. Tris buffered solution (pH 7.0) was added to the
filtrate to a final concentration of 100 mM to obtain an enzyme liquid. This enzyme liquid was heated in a water bath at
55°C for 10 minutes after the temperature of the liquid reached 50°C. After the heating, this enzyme liquid was centrifuged
using a centrifuge (AVANTI J-25I; manufactured by Beckman) at 8,500 rpm for 20 minutes to remove insoluble proteins
and the like, thereby obtaining the supernatant.
[0201] Ammonium sulfate was added to the resultant supernatant to 100 g/L. The mixture was left at 4°C for 2 hours,
precipitating proteins. Thereafter, the mixture was centrifuged with a centrifuge (AVANTI J-25I; manufactured by Beck-
man) at 8,500 rpm for 20 minutes to remove insoluble proteins and the like, thereby obtaining the supernatant. Further,
ammonium sulfate was added to the resultant supernatant to a final concentration of 250 g/L. The mixture was left at
4°C for 2 hours, precipitating proteins. Thereafter, the mixture was centrifuged with a centrifuge (AVANTI J-25I; manu-
factured by Beckman) at 8,500 rpm for 20 minutes to recover insoluble proteins.
[0202] The recovered insoluble protein was suspended in 150 ml of 25 mM Tris buffered solution (pH 7.0). The
suspended enzyme liquid was dialyzed in the same buffered solution overnight. After the dialysis the sample was allowed
to be adsorbed to pre-equilibrated Q-Sepharose anion exchange resin (manufactured by Pharmacia), followed by washing
with a buffered solution containing 200 mM sodium chloride. Thereafter, the proteins were eluted with a buffered solution
containing 400 mM sodium chloride, and the eluate was recovered. The eluate was called a solution containing partially
purified, potato tuber-derived glucan phosphorylase.
[0203] In some purchased potatoes, a glucan phosphorylase-containing solution which can be used in the present
invention can be obtained in this stage, but in most cases further purification is required. If necessary, fractionation by
gel filtration chromatography using Sephacryl S-200HR (manufactured by Pharmacia) or the like and fractionation by
hydrophobic chromatography using Phenyl-TOYOPEARL 650M (manufactured by Tosoh Corporation) or the like are
combined, thereby making it possible to obtain a purified, potato glucan phosphorylase-containing solution.

(2. 2 Method for preparing recombinant potato glucan phosphorylase)

[0204] A potato glucan phosphorylase gene (Nakano et al., Journal of Biochemistry (Tokyo) 106 (1989) 691) and a
selectable marker gene Ampr were incorporated into an expression vector pET34 (manufactured by STRATAGENE) to
obtain plasmid pET-PGP113. In this plasmid, the glucan phosphorylase gene was operably-linked under the control of
an isopropyl-p-D-thiogalactopyranoside (IPTG) inducible promoter. This plasmid was introduced into E. coli TG-1 (man-
ufactured by STRATAGENE) by a competent cell method. This E. coli was plated on a plate containing LB medium (1%
tryptone, 0.5% yeast extract (both manufactured by Difco), 1% sodium chloride, 1.5% agar)) containing the antibiotic
ampicillin, followed by incubation at 37°C overnight. By selecting E. coli which grew on this plate, E. coli having the
introduced potato-derived glucan phosphorylase gene were obtained. Analysis of the sequence of the introduced gene
confirmed that the resultant E. coli had the glucan phosphorylase gene. Further, the activity of glucan phosphorylase
was measured to confirm that the resultant E. coli expressed glucan phosphorylase.
[0205] The E. coli was inoculated into one liter of LBmedium (1% tryptone, 0.5% yeast extract (both manufactured by
Difco), 1% sodium chloride) containing the antibiotic ampicillin, followed by shaking culture at 37°C for 3 hours while
shaking at 120 rpm. Thereafter, IPTG and pyridoxine were added to the medium to 0.1 mM and 1 mM, respectively,
followed by further shaking culture at 22°C for 20 hours. Thereafter, the culture was centrifuged at 5,000 rpm for 5
minutes to collect E. coli cells. The resultant cells were suspended in 50 ml of 20 mM Tris-HCl buffered solution (pH 7.0)
containing 0.05% Triton X-100, followed by destruction by sonication to obtain 50 ml of the destroyed bacterial cell
solution. This destroyed bacterial cell solution contained 4.7 U/mg glucan phosphorylase.
[0206] This destroyed bacterial cell solution was heated at 55°C for 30 minutes. After the heating, the liquid was
centrifuged at 8,500 rpm for 20 minutes to remove insoluble proteins and the like, thereby obtaining the supernatant.
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The resultant supernatant was passed through pre-equilibrated Q-Sepharose anion exchange resin so that glucan
phosphorylase was allowed to be adsorbed to the resin. The resin was washed with a buffered solution containing 200
mM sodium chloride to remove impurities. Thereafter, the proteins were eluted with a buffered solution containing 300
mM sodium chloride. The resultant eluate was called a recombinant glucan phosphorylase solution.

(2.3 Method for preparing Thermus aquaticus glucan phosphorylase)

[0207] An enzyme prepared by a method of Takaha et al. (J. Appl. Glycosci., 48(1) (2001) 71) is referred to as Thermus
aquaticus glucan phosphorylase.

(2. 4 Method for preparing recombinant Thermus aquaticus glucan phosphorylase)

[0208] A Thermus aquaticus glucan phosphorylase gene (J. Appl. Glycosci., 48(1) (2001) 71) and selectable marker
genes Ampr and Tetr were incorporated into pKK388-1 (manufactured by CLONTECH) to obtain plasmid pKK388-GP.
In this plasmid, the glucan phosphorylase gene was operably-linked under the control of an isopropyl-p-D-thiogalacto-
pyranoside (IPTG) inducible promoter. This plasmid was introduced into E. coli MC1061 (manufactured by Pharmacia)
by a competent cell method. This E. coli was plated on a plate containing LB medium containing the antibiotic ampicillin
and IPTG, followed by incubation at 37°C overnight. By selecting E. coli which grew on this plate, E. coli having an
introduced glucan phosphorylase gene was obtained. Analysis of the sequence of the introduced gene confirmed that
the resultant E. coli had the glucan phosphorylase gene. Further, the activity of glucan phosphorylase was measured
to confirm that the resultant E. coli expressed glucan phosphorylase.
[0209] The E. coli was inoculated into one liter of LBmedium containing the antibiotic ampicillin, followed by shaking
culture at 37°C for 4-5 hours while shaking at 120 rpm. Thereafter, IPTG was added to the medium to 0.01 mM, followed
by further shaking culture at 37°C for 20 hours. Thereafter, the culture was centrifuged at 5,000 rpm for 5 minutes to
collect E. coli cells.
[0210] The resultant cells were suspended in 50 ml of 20 mM Tris-HCl buffered solution (pH 7.0), followed by destruction
by sonication to obtain 50 ml of destroyed bacterial cell solution. This destroyed bacterial cell solution contained 4.2
U/mg glucan phosphorylase.
[0211] Thereafter, this destroyed bacterial cell liquid was heated at 70°C for 30 minutes. After the heating, the liquid
was centrifuged with a centrifuge (AVANTI J-25I; manufactured by Beckman) at 8,500 rpm for 20 minutes to remove
insoluble proteins and the like, thereby obtaining the supernatant. The resultant supernatant was called a recombinant
Thermus aquaticus glucan phosphorylase solution.

(2. 5 Method for preparing recombinant Streptococcus mutans sucrose phosphorylase)

[0212] A Streptococcus mutans sucrose phosphorylase gene (Ferretti, J. J. et al., Ingbritt. Infect. Immun. 56:1585-88)
and selectable marker genes Ampr and Tetr were incorporated into pKK388-1 to obtain plasmid pKK388-SMSP. In this
plasmid, the sucrose phosphorylase gene was operably-linked under the control of an isopropyl-β-D-thiogalactopyran-
oside (IPTG) inducible promoter. This plasmid was introduced into E. coli TG-1 (manufactured by STRATAGENE) by a
competent cell method. This E. coli was plated on a plate containing LB medium containing an antibiotic ampicillin and
IPTG, followed by incubation at 37°C overnight. By selecting E. coli which grew on this plate, E. coli having an introduced
sucrose phosphorylase gene was obtained. Analysis of the sequence of the introduced gene confirmed that the resultant
E. coli had the sucrose phosphorylase gene. Further, the activity of sucrose phosphorylase was measured to confirm
that the resultant E. coli expressed sucrose phosphorylase.
[0213] The E. coli was inoculated into one liter of LB medium containing the antibiotics ampicillin and tetracycline,
followed by shaking culture at 37°C for 6-7 hours while shaking at 120 rpm. Thereafter, IPTG was added to the medium
to 0.04 mM, followed by further shaking culture at 30°C for 18 hours. Thereafter, the culture was centrifuged at 5,000
rpm for 5 minutes to collect E. coli cells. The resultant cells were suspended in 50 ml of 20 mM Tris-HCl buffered solution
(pH 7.0), followed by destruction by sonication to obtain 50 ml of destroyed bacterial cell liquid. This destroyed liquid
contained 10 U/mg sucrose phosphorylase.
[0214] Thereafter, sucrose was added to the destroyed bacterial cell liquid to obtain 10% sucrose-containing destroyed
bacterial cell liquid. This destroyed bacterial cell liquid was heated in a water bath at 55°C for 30 minutes . After the
heating, the destroyed bacterial cell liquid was centrifuged with a centrifuge (AVANTI J-25I; manufactured by Beckman)
at 8,500 rpm for 20 minutes to remove insoluble proteins and the like, thereby obtaining the supernatant. The resultant
supernatant was passed through pre-equilibrated Q-Sepharose anion exchange resin so that sucrose phosphorylase
was allowed to be adsorbed to the resin. The resin was washed with a buffered solution containing 100 mM sodium
chloride to remove impurities. Thereafter, the sucrose phosphorylase was eluted with a buffered solution containing 300
mM sodium chloride. The resultant eluate was called a recombinant Streptococcus mutans sucrose phosphorylase
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solution.

(2. 6 Preparation of recombinant Bacillus stearothermophilus glucan phosphorylase)

[0215] An enzyme prepared by a method of Takata et al. (J. Ferment. Bioeng., 85(2), 156 (1998)) was called recom-
binant Bacillus stearothermophilus glucan phosphorylase.

(3. Measurement of the molecular weight of glucans)

[0216] The molecular weight of the glucans synthesized in the present invention was measured by the following method.
[0217] Glucans synthesized in the present invention were completely dissolved in 1N sodium hydroxide, followed by
neutralization with an appropriate amount of hydrochloric acid. Thereafter, about 300 mg of glucan was subjected to gel
filtration chromatography in combination with a differential refractometer and a multi-angle light scattering detector to
obtain the average molecular weight.
[0218] Specifically, Shodex SB806M-HQ (manufactured by Showa Denko K.K.) was used as a column. As detectors,
a multi-angle light scattering detector (DAWN-DSP, manufactured by Wyatt Technology) and a differential refractometer
(Shodex RI-71, manufactured by Showa Denko K.K.) were used, being linked in that order. The column was held at
40°C, and a 0.1M sodium nitrate solution was used as an eluant where the flow rate was 1 mL/min. The resultant signals
were collected and analyzed by data analysis software (brand-name ASTRA, manufactured by Wyatt Technology) to
calculate the weight average molecular weight.

(Comparative example 0-1 and 0-2: comparison in yield between reaction temperatures 37°C and 45°C)

[0219] The compositions of reaction solution at the start of the reaction, which were used in comparative examples
0-1 and 0-2, are shown in Table 1 below.

[0220] Specifically, sucrose, inorganic phosphate, Leuconostoc mesenteroides sucrose phosphorylase (manufactured
by Oriental Yeast Co., Ltd.), potato tuber-derived glucan phosphorylase prepared in the above 2. 1, and maltoheptaose
were dissolved in 100 mM citrate buffered solution (pH 7.0), resulting in a solution containing 4% sucrose, 20mM inorganic
phosphate, 10 U/g sucrose of Leuconostoc mesenteroides sucrose phosphorylase, 10 U/g sucrose of potato tuber-
derived glucan phosphorylase, and 2 mM maltoheptaose. This solution was allowed to react at 37°C (comparative
example 0-1) or 45°C (comparative example 0-2) for 18 hours, thereby synthesizing amylose. The volume of the reaction
was 1 ml.
[0221] After the reaction, the yield of the synthesized amylase was determined in a manner as described in the above
1. 6. The results are shown in Figure 2.
[0222] In the present specification, a method for producing amylose at 37°C using Leuconostoc mesenteroides sucrose
phosphorylase (purchased from Oriental Yeast Co., Ltd.), potato tuber-derived glucan phosphorylase, and 4% sucrose
is called a conventional method.
[0223] As described in Figure 2, whereas the yield of amylose when the reaction was conducted at 37°C was 79%,
the yield of amylose when the reaction was conducted at 45°C was as low as 33.8%.
[0224] Thus, the substrate concentration of conventional methods is industrially disadvantageous for production of
amylose at high temperature. The optimal temperature of Leuconostoc mesenteroides-derived sucrose phosphorylase
used is about 37°C. Therefore, this enzyme is considered to have a low level of heat-resistance. It is considered that

Table 1

Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
0-1

4 2 20 10 10 37°C

Comparative example 
0-2

4 2 20 10 10 45°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Leuconostoc mesenteroides-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase
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the low yield of amylose at high temperature was attributed to the low heat-resistance of the enzyme.

(Examples 1-1 to 1-5 and comparative example 1-1: amylose synthesis using various sucrose concentrations and high 
reaction temperature)

[0225] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 2 below.

[0226] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 3.
[0227] The sucrose concentration was increased from 4% (comparative example 1-1) used in conventional methods
to at least 8% (Example 1-1 to 1-5), making it possible to achieve a reaction at 45°C. Therefore, the yield of amylose
was increased.
[0228] Specifically, under the above-described conditions, the proportions among the substrates (i.e., sucrose, mal-
toheptaose, and inorganic phosphate) and the amount of the enzymes were not changed but the sucrose concentration
was varied between 8% and 25%, so that the yield of amylose was increased. As shown in Figure 3, the yield was 76.4%
at 45°C where the sucrose concentration was 8%. This is at least twice the yield where the sucrose concentration was
4% and the reaction temperature was 45°C, so that substantially the same yield as that obtained by conventional methods
was obtained. When the sucrose concentration was at least 15%, the yield of amylose was substantially 100%. Thus,
in the case of amylose synthesis from sucrose at 45°C, a low sucrose concentration leads to a low yield and poor
efficiency, but a higher sucrose concentration allows industrial production at 45°C.

(Examples 2-1 to 2-5 and comparative examples 2-1 to 2-7: amylose synthesis with small amounts of enzymes)

[0229] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 3 below.

Table 2

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
1-1

4 2 20 10 10 45°C

Example 1-1 8 4 40 10 10 45°C

Example 1-2 10 5 50 10 10 45°C

Example 1-3 15 7.5 75 10 10 45°C

Example 1-4 20 10 100 10 10 45°C

Example 1-5 25 12.5 125 10 10 45°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Leuconostoc mesenteroides-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase

Table 3

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
2-1

4 2 20 5 5 37°C

Comparative example 
2-2

8 4 40 5 5 37°C

Comparative example 
2-3

10 5 50 5 5 37°C
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[0230] Specifically, in Examples 2-1 to 2-5 and comparative examples 2-1 to 2-7, the amount of the enzymes was half
that of comparative examples 1-1 and Examples 1-1 to 1-5, and reactions were conducted at 37°C and 45°C. Except
for that, each amylose synthesis was conducted in the same manner as that of comparative example 1-1 and Examples
1-1 to 1-5.
[0231] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 4.
[0232] When the sucrose concentration was at least 15%, the yields of amylose for reactions at 45°C were no less
than those for reactions at 37°C.
[0233] As shown in Figure 4, under these conditions, whereas the yield of amylose was about 60% by conventional
methods, the yield was as low as 22.1% where the sucrose concentration was 4% and the reaction temperature was
45°C. However, when the proportions among the substrates (i.e., sucrose, maltoheptaose, and inorganic phosphate)
and the amount of the enzymes were not changed and the sucrose concentration was varied between 8% and 25%,
the yields of amylose of the reactions at 45°C were increased. In the case of reactions where the sucrose concentration
was at least 15% and the reaction temperature was 45°C, the yield of amylose was higher than that obtained at 37°C.
Thus, when the reactions were conducted where the sucrose concentration was at least 15%, not only could the reactions
be conducted at 45°C, but also higher productivity than that of the reactions at 37°C could be realized.

(Examples 3-1-1 to 3-2-5 and comparative examples 3-1-1 and 3-2-1: amylose synthesis where heat-resistant sucrose 
phosphorylase is used)

[0234] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 4 below.

(continued)

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
2-4

15 7.5 75 5 5 37°C

Comparative example 
2-5

20 10 100 5 5 37°C

Comparative example 
2-6

25 12.5 125 5 5 37°C

Comparative example 
2-7

4 2 20 5 5 45°C

Example 2-1 8 4 40 5 5 45°C

Example 2-2 10 5 50 5 5 45°C

Example 2-3 15 7.5 75 5 5 45°C

Example 2-4 20 10 100 5 5 45°C

Example 2-5 25 12.5 125 5 5 45°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Leuconostoc mesenteroides-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase

Table 4

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
3-1-1

4 2 20 10 10 45°C

Example 3-1-1 8 4 40 10 10 45°C
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[0235] Specifically, 10 U/g sucrose (activity unit) of Streptococcus mutans-derived sucrose phosphorylase obtained
according to Section 2. 5 above was used instead of Leuconostoc mesenteroides-derived sucrose phosphorylase, 10
U/g sucrose (activity unit) of glucan phosphorylase was used, and the enzyme reactions were conducted at 45°C or
50°C. Except for that, amylose synthesis was conducted in comparative examples 3-1-1 and 3-2-1 and Examples 3-1-1
to 3-2-5 in the same manner as that in comparative example 2-1 and Examples 2-1 to 2-5.
[0236] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 5.
[0237] Even when sucrose phosphorylase was changed from Leuconostoc mesenteroides-derived sucrose phospho-
rylase used in conventional methods to Streptococcus mutans-derived sucrose phosphorylase, amylose could be pro-
duced when the reaction temperature was 45°C.
[0238] Further, when sucrose phosphorylase was changed from Leuconostoc mesenteroides-derived sucrose phos-
phorylase used in conventional methods to Streptococcus mutans-derived sucrose phosphorylase, and the sucrose
concentration was increased from 4% to at least 8%, highly-efficient reactions at 50°C were made possible, so that the
yield of amylose was increased.
[0239] As shown in Figure 5, when the reaction temperature was 45°C, the yield of amylose was 97.4% where the
sucrose concentration was 4%. Further, even when the proportions among the substrates and the amounts of the
enzymes were not changed, and the sucrose concentration was varied between 8% and 25%, the yield of amylose was
consistent at a higher level. Thus, when sucrose phosphorylase was Streptococcus mutans-derived sucrose phospho-
rylase, highly-efficient amylose production at 45°C was made possible.
[0240] Further, as shown in Figure 5, when the reaction temperature was 50°C, the yield of amylose was as low as
21.8% where the sucrose concentration was 4%. However, when the proportions among the substrates and the amounts
of the enzymes were not changed, and the sucrose concentration was varied between 8% and 25%, the yield of amylose
was increased. The yield was 55.4% where the sucrose concentration was 8%, which was at least twice the yield where
the sucrose concentration was 4%. When the sucrose concentration was at least 15%, the yield of amylose was sub-
stantially 100%. Thus, whereas the yield of amylose synthesis was low and inefficient where the sucrose concentration
was 4% and the reaction temperature was 50°C, highly-efficient amylose production at 50°C was made possible by
using Streptococcus mutans-derived sucrose phosphorylase and increasing the sucrose concentration.

(Examples 4-1-1 to 4-2-5, and comparative examples 4-1-1 and 4-2-1: amylose synthesis where the amount of enzymes 
was low and heat-resistant sucrose phosphorylase was used)

[0241] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)

(continued)

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Example 3-1-2 10 5 50 10 10 45°C

Example 3-1-3 15 7.5 75 10 10 45°C

Example 3-1-4 20 10 100 10 10 45°C

Example 3-1-5 25 12.5 125 10 10 45°C

Comparative example 
3-2-1

4 2 20 10 10 50°C

Example 3-2-1 8 4 40 10 10 50°C

Example 3-2-2 10 5 50 10 10 50°C

Example 3-2-3 15 7.5 75 10 10 50°C

Example 3-2-4 20 10 100 10 10 50°C

Example 3-2-5 25 12.5 125 10 10 50°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase



EP 2 135 957 B1

27

5

10

15

20

25

30

35

40

45

50

55

are shown in Table 5 below.

[0242] Specifically, the amounts of the enzymes was half that of comparative examples 3-1-1 and 3-2-1 as well as
Examples 3-1-1 to 3-2-5. Except for that, amylose synthesis was conducted in the same manner as that in comparative
examples 3-1-1 and 3-2-1 as well as Examples 3-1-1 to 3-2-5.
[0243] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 6.
[0244] When sucrose phosphorylase was changed from Leuconostoc mesenteroides-derived sucrose phosphorylase
used in conventional methods to Streptococcus mutans-derived sucrose phosphorylase, and the amounts of the enzymes
was half that of conventional methods, the yield of amylose by reactions at 50°C was no less than that by reactions at
45°C where the sucrose concentration was at least 15%.
[0245] As shown in Figure 6, whereas the yields of amylose obtained by the reactions at 45°C were about 50% where
the sucrose concentration was 4%, the yield obtained by the reaction at 50°C were as low as 9.2% where the sucrose
concentration was 4%. However, when the proportions among the substrates and the amounts of the enzymes were
not changed, and the sucrose concentration was varied between 8% and 25%, the yields of amylose obtained by the
reactions at 50°C were increased. When the sucrose concentration was at least 15%, the yields of amylose obtained
by the reactions at 50°C were higher than those obtained by the reactions at 45°C. Thus, when Streptococcus mutans-
derived sucrose phosphorylase was used and the sucrose concentration was at least 15%, not only could a reaction be
conducted at 50°C, but also higher productivity than that of the reactions at 45°C could be realized.

(Examples 5-1 to 5-5 and comparative example 5-1: amylose synthesis where Leuconostoc mesenteroides-derived 
sucrose phosphorylase and extremely thermophilic bacterium-derived glucan phosphorylase were used)

[0246] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 6 below.

Table 5

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
4-1-1

4 2 20 5 5 45°C

Example 4-1-1 8 4 40 5 5 45°C

Example 4-1-2 10 5 50 5 5 45°C

Example 4-1-3 15 7.5 75 5 5 45°C

Example 4-1-4 20 10 100 5 5 45°C

Example 4-1-5 25 12.5 125 5 5 45°C

Comparative example 
4-2-1

4 2 20 5 5 50°C

Example 4-2-1 8 4 40 5 5 50°C

Example 4-2-2 10 5 50 5 5 50°C

Example 4-2-3 15 7.5 75 5 5 50°C

Example 4-2-4 20 10 100 5 5 50°C

Example 4-2-5 25 12.5 125 5 5 50°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase
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[0247] Specifically, Thermus aquaticus-derived glucan phosphorylase was used instead of potato-derived glucan
phosphorylase. Except for that, amylose synthesis was conducted in the same manner as that in comparative example
1-1 and Examples 1-1 to 1-5.
[0248] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 7.
[0249] When Thermus aquaticus -derived glucan phosphorylase was used and the sucrose concentration was in-
creased from 4% in conventional methods to at least 8%, the reactions could be conducted at 45°C, so that the yield of
amylose was increased.
[0250] Specifically, under the above-described conditions, when the proportions among the substrates and the amounts
of the enzymes were not changed, and the sucrose concentration was varied between 8% and 25%, the yield of amylose
was increased. As shown in Figure 7, where as the yield was 28. 0% where the sucrose concentration was 4% and the
reaction temperature was 45°C, the yield was 69.0% where the sucrose concentration was 8%. Further, when the sucrose
concentration was at least 15%, the yield of amylose was substantially 100%. Thus, it was confirmed that when Thermus
aquaticus (extremely thermophilic bacterium)-derived glucan phosphorylase was used instead of potato-derived glucan
phosphorylase, amylose could be produced at 45°C.

(Examples 6-1 to 6-5 and comparative examples 6-1 to 6-7: amylose synthesis using Leuconostoc mesenteroides-
derived sucrose phosphorylase and extremely thermophilic bacterium-derived glucan phosphorylase with small amounts 
of enzymes)

[0251] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 7 below.

Table 6

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
5-1

4 2 20 10 10 45°C

Example 5-1 8 4 40 10 10 45°C

Example 5-2 10 5 50 10 10 45°C

Example 5-3 15 7.5 75 10 10 45°C

Example 5-4 20 10 100 10 10 45°C

Example 5-5 25 12.5 125 10 10 45°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Leuconostoc mesenteroides-derived sucrose phosphorylase
GP: Thermus aquaticus-derived glucan phosphorylase

Table 7

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
6-1

4 2 20 5 5 37°C

Comparative example 
6-2

8 4 40 5 5 37°C

Comparative example 
6-3

10 5 50 5 5 37°C

Comparative example 
6-4

15 7.5 75 5 5 37°C



EP 2 135 957 B1

29

5

10

15

20

25

30

35

40

45

50

55

[0252] Specifically, in Examples 6-1 to 6-5 and comparative examples 6-1 to 6-7, the amounts of the enzymes were
half those in Examples 5-1 to 5-5 and comparative example 5-1, and reactions were conducted at 37°C and 45°C. Except
for that, amylose synthesis was conducted in the same manner as that in Examples 5-1 to 5-5 and comparative example
5-1.
[0253] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 8.
[0254] When Thermus aquaticus-derived glucan phosphorylase was used, the yields of amylose obtained by the
reactions where the sucrose concentration was at least 15% and the reaction temperature was 45°C were higher than
those obtained by the reactions at 37°C.
[0255] As shown in Figure 8, under these conditions, whereas the yield of amylose was 34.2% for conventional
methods, the yield was as low as 15.6% where the sucrose concentration was 4% and the reaction temperature was
45°C. However, when the proportions among the substrates and the amounts of the enzymes were not changed, and
the sucrose concentration was varied between 8% and 25%, the yield of amylose was increased where the reaction
temperature was 45°C. The yields of amylose obtained by the reactions where the sucrose concentration was at least
15% and the reaction temperature was 45°C were higher than those obtained at 37°C. Thus, when Thermus aquaticus
(extremely thermophilic bacterium)-derived glucan phosphorylase was used instead of potato-derived glucan phospho-
rylase, and the reactions were conducted where the sucrose concentration was at least 15%, not only could the reactions
be conducted at 45°C, but also higher productivity than that in the reactions at 37°C could be achieved.

(Example 7-1 to 7-5 and comparative example 7-1: amylose synthesis using Streptococcus mutans-derived sucrose 
phosphorylase and extremely thermophilic bacterium-derived glucan phosphorylase)

[0256] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 8 below.

(continued)

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
6-5

20 10 100 5 5 37°C

Comparative 
example6-6

25 12.5 125 5 5 37°C

Comparative example 
6-7

4 2 20 5 5 45°C

Example 6-1 8 4 40 5 5 45°C

Example 6-2 10 5 50 5 5 45°C

Example 6-3 15 7.5 75 5 5 45°C

Example 6-4 20 10 100 5 5 45°C

Example 6-5 25 12.5 125 5 5 45°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Leuconostoc mesenteroides-derived sucrose phosphorylase
GP: Thermus aquaticus-derived glucan phosphorylase

Table 8

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
7-1

4 2 20 10 10 50°C

Example 7-1 8 4 40 10 10 50°C
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[0257] Specifically, Thermus aquaticus-derived glucan phosphorylase obtained according to Section 2. 4 above was
used instead of potato-derived glucan phosphorylase. Except for that, in comparative example 7-1 and Examples 7-1
to 7-5, amylose synthesis was conducted in the same manner as that in comparative example 3-2-1 and Examples 3-2-1
to 3-2-5.
[0258] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 9.
[0259] When sucrose phosphorylase was changed from Leuconostoc mesenteroides-derived sucrose phosphorylase
used in conventional methods to Streptococcus mutans-derived sucrose phosphorylase and potato-derived glucan
phosphorylase was changed to Thermus aquaticus-derived glucan phosphorylase, and the sucrose concentration was
increased from 4% to at least 8%, the reactions could be conducted at 50°C and the yield of amylose was increased.
[0260] Specifically, under the above-described conditions, when the proportions among the substrates and the amounts
of the enzymes were not changed, and the sucrose concentration was varied between 8% and 25%, the yield of amylose
was increased. As shown in Figure 9, whereas the yield was 56.2% where the sucrose concentration was 4% and the
reaction temperature was 50°C, the yield was 78.4% where the sucrose concentration was 8% and the reaction tem-
perature was 50°C, and the yield was substantially 100% where the sucrose concentration was 15%. Thus, when sucrose
phosphorylase was changed to Streptococcus mutans-derived sucrose phosphorylase and glucan phosphorylase was
changed to Thermus aquaticus-derived glucan phosphorylase, amylose production at 50°C was made possible.

(Examples 8-1-1 to 8-2-5 as well as comparative examples 8-1-1 and 8-2-1: amylose synthesis using Streptococcus 
mutans-derived sucrose phosphorylase and extremely thermophilic bacterium-derived glucan phosphorylase with small 
amounts of enzymes)

[0261] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 9 below.

(continued)

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Example 7-2 10 5 50 10 10 50°C

Example 7-3 15 7.5 75 10 10 50°C

Example 7-4 20 10 100 10 10 50°C

Example 7-5 25 12.5 125 10 10 50°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Thermus aquaticus-derived glucan phosphorylase

Table 9

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
8-1-1

4 2 20 5 5 45°C

Example 8-1-1 8 4 40 5 5 45°C

Example 8-1-2 10 5 50 5 5 45°C

Example 8-1-3 15 7.5 75 5 5 45°C

Example 8-1-4 20 10 100 5 5 45°C

Example 8-1-5 25 12.5 125 5 5 45°C

comparative example 
8-2-1

4 2 20 5 5 50°C

Example 8-2-1 8 4 40 5 5 50°C
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[0262] Specifically, the amounts of the enzymes were half those in comparative example 7-1, and Examples 7-1 to
7-5, and the reaction temperatures were 45°C and 50°C. Except for that, amylose synthesis was conducted in the same
manner as that in comparative example 7-1, and Examples 7-1 to 7-5.
[0263] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 10.
[0264] When sucrose phosphorylase was changed from Leuconostoc mesenteroides-derived sucrose phosphorylase
used in conventional methods to Streptococcus mutans-derived sucrose phosphorylase, potato-derived glucan phos-
phorylase was changed to Thermus aquaticus-derived glucan phosphorylase, and the amounts of the enzymes were
half those in the conventional methods, the yields of amylose obtained by the reactions where the sucrose concentration
was at least 15% were higher in the reactions at 50°C than those obtained by the reactions in 45°C.
[0265] As shown in Figure 10, whereas the yield of amylose was 48.9% where the sucrose concentration was 4% and
the reaction temperature was 45°C, the yield was as low as 21.5% where the sucrose concentration was 4% and the
reaction temperature was 50°C. However, the proportions among the substrates and the amounts of the enzymes were
not changed and the sucrose concentration was varied between 8% and 25%, the yields of amylose obtained by the
reactions at 50°C were increased. When the sucrose concentration was at least 15%, the yields of amylose obtained
by the reactions at 50°C were higher than those obtained by the reactions at 45°C. Thus, when the reaction was conducted
where Streptococcus mutans-derived sucrose phosphorylase and Thermus aquaticus-derived glucan phosphorylase
were used and the sucrose concentration was at least 15%, not only could the reactions be conducted at 50°C, but also
higher productivity than that obtained by the reactions at 45°C could be realized.

(Examples 9-1 to 9-5 and comparative example 9-1: amylose synthesis using Leuconostoc mesenteroides-derived 
sucrose phosphorylase and Bacillus stearothermophilus-derived glucan phosphorylase)

[0266] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 10 below.

(continued)

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Example 8-2-2 10 5 50 5 5 50°C

Example 8-2-3 15 7.5 75 5 5 50°C

Example 8-2-4 20 10 100 5 5 50°C

Example 8-2-5 25 12.5 125 5 5 50°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Thermus aquaticus-derived glucan phosphorylase

Table 10

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
9-1

4 2 20 10 10 45°C

Example 9-1 8 4 40 10 10 45°C

Example 9-2 10 5 50 10 10 45°C

Example 9-3 15 7.5 75 10 10 45°C

Example 9-4 20 10 100 10 10 45°C
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[0267] Specifically, Bacillus stearothermophilus-derived glucan phosphorylase was used instead of Thermus aquati-
cus-derived glucan phosphorylase. Except for that, amylose synthesis was conducted in the same manner as that in
comparative example 5-1 and Examples 5-1 to 5-5.
[0268] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 11.
[0269] When Bacillus stearothermophilus-derived glucan phosphorylase was used, and the sucrose concentration
was increased from 4% for conventional methods to at least 8%, the reactions could be conducted at 45°C and the
yields of amylose were increased.
[0270] Specifically, under the above-described conditions, the proportions among the substrates and the amounts of
the enzymes were not changed, and the sucrose concentration was varied between 8% and 25%, the yield of amylose
was increased. As shown in Figure 11, whereas the yield was 40.7% where the sucrose concentration was 4% and the
reaction temperature was 45°C, the yield was 70.6% where the sucrose concentration was 8% and the reaction tem-
perature was 45°C. Further, when the sucrose concentration was at least 15%, the yield of amylose was about 90%.
Thus, it was confirmed that when Bacillus stearothermophilus-derived glucan phosphorylase was used instead of potato-
derived glucan phosphorylase, amylose synthesis could be conducted at 45°C.

(Examples 10-1 to 10-5 and comparative examples 10-1 to 10-7: amylose synthesis using Leuconostoc mesenteroides-
derived sucrose phosphorylase and Bacillus stearothermophilus-derived glucan phosphorylase with small amounts of 
enzymes)

[0271] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 11 below.

(continued)

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Example 9-5 25 12.5 125 10 10 45°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Leuconostoc mesenteroides-derived sucrose phosphorylase
GP: Bacillus stearothermophilus-derived glucan phosphorylase

Table 11

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
10-1

4 2 20 5 5 37°C

Comparative example 
10-2

8 4 40 5 5 37°C

Comparative example 
10-3

10 5 50 5 5 37°C

Comparative example 
10-4

15 7.5 75 5 5 37°C

Comparative example 
10-5

20 10 100 5 5 37°C

Comparative example 
10-6

25 12.5 125 5 5 37°C

Comparative example 
10-7

4 2 20 5 5 45°C

Example 10-1 8 4 40 5 5 45°C

Example 10-2 10 5 50 5 5 45°C
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[0272] Specifically, in Examples 10-1 to 10-5 and comparative examples 10-1 to 10-7, the reactions were conducted
where the amounts of the enzymes were half those in comparative examples 9-1 and Examples 9-1 to 9-5, and the
reaction temperatures were 37°C and 45°C. Except for that, amylose synthesis was conducted in the same manner as
that in comparative example 9-1 and Examples 9-1 to 9-5.
[0273] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 12.
[0274] When Bacillus stearothermophilus-derived glucan phosphorylase was used and the sucrose concentration was
at least 15%, the yields of amylose obtained by the reactions at 45°C were no less than those obtained by the reactions
at 37°C.
[0275] As shown in Figure 12, under these conditions, whereas the yield of amylose was 60.2% for conventional
methods, the yield was as low as 22.1% where the sucrose concentration was 4% and the reaction temperature was
45°C. However, when the proportions among the substrates and the amounts of the enzymes were not changed and
the sucrose concentration was varied between 8% and 25%, the yields of amylose obtained by the reactions at 45°C
were increased. When the sucrose concentration was at least 15%, the yields of amylose obtained by the reactions at
45°C were higher than those obtained by the reactions at 37°C. Thus, when Bacillus stearothermophilus-derived glucan
phosphorylase was used instead of potato-derived glucan phosphorylase, and the sucrose concentration was at least
15%, not only could the reactions be conducted at 45°C, but also higher productivity than that obtained by the reactions
at 37°C could be realized.

(Examples 11-1 to 11-5 and comparative example 11-1: amylose synthesis using Streptococcus mutans-derived sucrose 
phosphorylase and Bacillus stearothermophilus-derived glucan phosphorylase)

[0276] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 12 below.

(continued)

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Example 10-3 15 7.5 75 5 5 45°C

Example 10-4 20 10 100 5 5 45°C

Example 10-5 25 12.5 125 5 5 45°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Leuconostoc mesenteroides-derived sucrose phosphorylase
GP: Bacillus stearothermophilus-derived glucan phosphorylase

Table 12

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
11-1

4 2 20 10 10 50°C

Example 11-1 8 4 40 10 10 50°C

Example 11-2 10 5 50 10 10 50°C

Example 11-3 15 7.5 75 10 10 50°C

Example 11-4 20 10 100 10 10 50°C

Example 11-5 25 12.5 125 10 10 50°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Bacillus stearothermophilus-derivedglucanphosphorylase
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[0277] Specifically, Streptococcus mutans-derived sucrose phosphorylase obtained according to Section 2. 5 above
was used instead of Leuconostoc mesenteroides-derived sucrose phosphorylase, and the enzyme reactions were con-
ducted at 50°C. Except for that, in comparative example 11-1 and Examples 11-1 to 11-5, amylose synthesis was
conducted in the same manner as that in comparative example 9-1 and Examples 9-1 to 9-5.
[0278] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 13.
[0279] When sucrose phosphorylase was changed from Leuconostoc mesenteroides-derived sucrose phosphorylase
used in conventional methods to Streptococcus mutans-derived sucrose phosphorylase and potato-derived glucan
phosphorylase was changed to Bacillus stearothermophilus-derived glucan phosphorylase, and the sucrose concentra-
tion was increased from 4% to at least 8%, the reactions could be conducted at 50°C and the yields of amylose were
increased.
[0280] Specifically, under the above-described conditions, when the proportions among the substrates and the amounts
of the enzymes were not changed and the sucrose concentration was varied between 8% and 25%, the yield of amylose
was increased. As shown in Figure 13, whereas the yield was 39.1% where the sucrose concentration was 4% and the
reaction temperature was 50°C, the yield was 70.4% where the sucrose concentration was 8% and the reaction tem-
perature was 50°C, and the yield of amylose was at least 90% where the sucrose concentration was 15%. Thus, when
Streptococcus mutans-derived sucrose phosphorylase used as sucrose phosphorylase and Bacillus stearothermophilus-
derived glucan phosphorylase was used as glucan phosphorylase, amylose production at 50°C was made possible.

(Examples 12-1-1 to 12-2-5 and comparative example 12-1-1 and 12-2-1: amylose synthesis using Streptococcus mu-
tans-derived sucrose phosphorylase and Bacillus stearothermophilus-derived glucan phosphorylase with small amounts 
of enzymes)

[0281] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 13 below.

[0282] Specifically, the amounts of the enzymes were half those in comparative example 11-1 and Examples 11-1 to
11-5 and the reaction temperatures were 45°C and 50°C. Except for that, amylose synthesis was conducted in the same
manner as that in comparative example 11-1 and Examples 11-1 to 11-5.

Table 13

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
12-1-1

4 2 20 5 5 45°C

Example 12-1-1 8 4 40 5 5 45°C

Example 12-1-2 10 5 50 5 5 45°C

Example 12-1-3 15 7.5 75 5 5 45°C

Example 12-1-4 20 10 100 5 5 45°C

Example 12-1-5 25 12.5 125 5 5 45°C

Comparative example 
12-2-1

4 2 20 5 5 50°C

Example 12-2-1 8 4 40 5 5 50°C

Example 12-2-2 10 5 50 5 5 50°C

Example 12-2-3 15 7.5 75 5 5 50°C

Example 12-2-4 20 10 100 5 5 50°C

Example 12-2-5 25 12.5 125 5 5 50°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Bacillus stearothermophilus-derived glucan phosphorylase
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[0283] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 14.
[0284] When sucrose phosphorylase was changed from Leuconostoc mesenteroides-derived sucrose phosphorylase
used in conventional methods to Streptococcus mutans-derived sucrose phosphorylase, potato-derived glucan phos-
phorylase was changed to Bacillus stearothermophilus-derived glucan phosphorylase, and the amounts of the enzymes
were half that of conventional methods, the yields of amylose where the sucrose concentration was at least 15% were
higher in the reactions at 50°C than those in the reactions at 45°C.
[0285] As shown in Figure 14, whereas the yield of amylose was 32.9% where the sucrose concentration was 4% and
the reaction temperature was 45°C, the yield was as low as 19.6% where the sucrose concentration was 4% and the
reaction temperature was 50°C. However, when the proportions among the substrates and the amounts of the enzymes
were not changed and the sucrose concentration was varied between 8% and 25%, the yields of amylose obtained by
the reactions at 50°C were increased. The yields of amylose where the sucrose concentration was at least 15% were
higher in the reactions at 50°C than those in the reactions at 45°C. Thus, when the reactions were conducted where
Streptococcus mutans-derived sucrose phosphorylase and Bacillus stearothermophilus-derived glucan phosphorylase
were used and the sucrose concentration was at least 15%, not only could the reactions be conducted at 50°C, but also
higher productivity than that of the reactions at 45°C could be realized.

(Example 13: amylose synthesis under high temperature conditions)

[0286] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 14 below.

Thermus aquaticus-derived glucan phosphorylase (comparative example 13-2 and Example 13-2)

[0287] Specifically, the amounts of the enzymes were five times as great as that of comparative example 3-1-1, and
the reaction temperature was 65°C. Except for that, in comparative example 13-1, amylose synthesis was conducted
in the same manner as that in comparative example 3-1-1. In Example 13-1, amylose synthesis was conducted where
the proportions among the substrates and the amounts of the enzymes in comparative example 3-1-1 were not changed
and the sucrose concentration was increased to 50%. Further, in comparative example 13-2 and Example 13-2, amylose
synthesis was conducted where Thermus aquaticus-derived glucan phosphorylase prepared according to Section 2. 4
above was used instead of potato-derived glucan phosphorylase in comparative example 13-1 and Example 13-1.
[0288] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 15.
[0289] In conventional methods, regardless of the glucan phosphorylases used, no amylose can be synthesized in
the reactions at 65°C. When the sucrose concentration was increased, amylose could be produced at 65°C.

(Example 14: amylose production where maltotetraose was used as a primer)

[0290] In the above-described Examples, maltoheptaose was utilized as a primer in amylose production. However,
high-purity malto-oligosaccharide is expensive and is not distributed to an extent that it is industrially available. Mal-

Table 14

No. Sucrose 
(%)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
13-1

4 2 20 50 50 65°C

Example 13-1 50 25 250 50 50 65°C

Comparative example 
13-2

4 2 20 50 50 65°C

Example 13-2 50 25 250 50 50 65°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase (comparative example 13-1 and Example 13-1)
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totetraose-containing syrup is an inexpensive malto-oligosaccharide. However, such syrup contains glucose, maltose,
maltotriose, and the like which are not believed to function as a primer. Further, maltotetraose has a lower affinity to
glucan phosphorylase than that of maltoheptaose. It is not clear whether or not such syrup can be used to conduct a
glucan synthesis reaction. Such research has not been reported. Therefore, the present inventors studied whether or
not syrup containing maltotetraose instead of maltoheptaose can be used to synthesize amylose.
[0291] Specifically, Tetrup H (Hayashibara Shoji, Inc.) containing at least 70% maltotetraose was used. Except for
that, amylose was synthesized in the same manner as that in Example 7-2. As a result, it was confirmed that high
molecular weight amylose could be produced even using Tetrup H.

(Example 15: purification of amylose using membrane filtration)

[0292] 2% sucrose, 10 mM inorganic phosphate, 50 U/g sucrose Leuconostoc mesenteroides-derived sucrose phos-
phorylase (manufactured by Oriental Yeast Co., Ltd.), 50 U/g sucrose recombinant potato tuber-derived glucan phos-
phorylase prepared according to Section 2. 2 above, and maltoheptaose as a primer were used to synthesize amylose
at 37°C for 18 hours. In this case, the reaction volume was 2,000 ml.
[0293] 2,000 ml of the amylose solution after the reaction was concentrated to 1,200 ml using an ultrafiltration membrane
(UF membrane unit; manufactured by Daicel Chemical Industries Ltd.) with a molecular weight cutoff of 30,000. There-
after, diafiltration was conducted against 10 L of distilled water, and distilled water was added to obtain 2,000 ml. The
fructose content and the weight-average molecular weight of amylose were measured before and after the membrane
filtration. The results are shown in Table 15.

[0294] As shown in Table 15, it was confirmed that an ultrafiltration membrane can be used to purify amylose, so that
fructose present in a reaction solution could be removed. It was confirmed that the weight-average molecular weight of
amylose was not much changed by the membrane filtration.
[0295] Thus, by purifying amylose using an ultrafiltration membrane, amylose can be purified without a number of
organic solvents, such as butanol, methanol, ethanol, ether, and the like, which are conventionally used in purification
of amylose.

(Examples 16-1 to 16-7 and comparative example 16-1: amylose synthesis where Leuconostoc mesenteroides-derived 
sucrose phosphorylase and potato-derived glucan phosphorylase were used and the ratio of sucrose concentration to 
inorganic phosphate concentration was changed)

[0296] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 16 below.

Table 15
Removal of fructose by membrane filtration

No. Fructose (mM) Weight-average molecular weight (KDa)

Before membrane filtration 57.5 715
After membrane filtration <0.1 712

Table 16

No. Sucrose 
(mM)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
16-1

125 0.35 7.2 20 20 37°C

Example 16-1 125 0.35 10 20 20 37°C

Example 16-2 125 0.35 20 20 20 37°C

Example 16-3 125 0.35 30 20 20 37°C

Example 16-4 125 0.35 50 20 20 37°C

Example 16-5 125 0.35 75 20 20 37°C

Example 16-6 125 0.35 100 20 20 37°C
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[0297] Specifically, sucrose, inorganic phosphate, Leuconostoc mesenteroides-derived sucrose phosphorylase, po-
tato tuber-derived glucan phosphorylase prepared according to Section 2. 1 above and maltoheptaose were dissolved
in 100 mM citrate buffered solution (pH 7.0) to obtain a solution containing 125 mM sucrose, 20 U/g sucrose Leuconostoc
mesenteroides-derived sucrose phosphorylase, 20 U/g sucrose potato tuber-derived glucan phosphorylase, 0.35 mM
maltoheptaose, and 7.2 mM inorganic phosphate (comparative example 16-1) or 10 to 125 mM inorganic phosphate
(Example 16-1 to 16-7). This solution was allowed to react at 37°C for 4 hours to synthesize amylose. The reaction
volume was 1 ml.
[0298] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 16.
[0299] As shown in Figure 16, when 7.2 mM inorganic phosphate was added to and allowed to react with 125 mM
sucrose, the yield of amylose was as low as 20.1%, but when at least 10 mM inorganic phosphate was added to and
allowed to react with 125 mM sucrose, the yield was increased. Further, when 20 to 75 mM inorganic phosphate was
added to and allowed to react with 125 mM sucrose, the yield was at least 40%.

(Examples 17-1 to 17-7 and comparative example 17-1: amylose synthesis where Streptococcus mutans-derived sucrose 
phosphorylase and potato-derived glucan phosphorylase were used and the ratio of sucrose concentration to inorganic 
phosphate concentration was changed)

[0300] Amylose synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction)
are shown in Table 17 below.

[0301] Specifically, in Examples 17-1 to 17-7 and comparative example 17-1, Streptococcus mutans-derived sucrose
phosphorylase was used instead of Leuconostoc mesenteroides-derived sucrose phosphorylase and the reaction tem-
perature was 45°C. Except for that, amylose was synthesized in the same manner as that in Examples 16-1 to 16-7 and
comparative example 17-1.

(continued)

No. Sucrose 
(mM)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Example 16-7 125 0.35 125 20 20 37°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Leuconostoc mesenteroides-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase

Table 17

No. Sucrose 
(mM)

G7 
(mM)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
17-1

125 0.35 7.2 20 20 45°C

Example 17-1 125 0.35 10 20 20 45°C

Example 17-2 125 0.35 20 20 20 45°C

Example 17-3 125 0.35 30 20 20 45°C

Example 17-4 125 0.35 50 20 20 45°C

Example 17-5 125 0.35 75 20 20 45°C

Example 17-6 125 0.35 100 20 20 45°C

Example 17-7 125 0.35 125 20 20 45°C

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase
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[0302] After the reaction, the yield of synthesized amylose was determined according to Section 1. 6 above. The
results are shown in Figure 17.
[0303] As shown in Figure 17, when 7.2 mM inorganic phosphate was added to and allowed to react with 125 mM
sucrose, the yield of amylose was as low as 26.7%, but when at least 10 mM inorganic phosphate was added to and
allowed to react with 125 mM sucrose, the yield was increased. Further, when 20 to 75 mM inorganic phosphate was
added to and allowed to react with 125 mM sucrose, the yield was at least 50 to 60%.
[0304] Thus, although the maximum value of the sucrose-phosphate ratio used in conventional methods does not
lead to a high level of productivity and is disadvantageous for industrial production, about twice this level of productivity
could be achieved by setting the maximum value of the sucrose-phosphate ratio within a predetermined range.

(Example 18: the heat-resistance of Streptococcus mutans-derived sucrose phosphorylase in the presence of sucrose)

[0305] Sucrose was added to and dissolved in liquid, which is prepared by destroying E. coli which produces sucrose
phosphorylase according to Section 2. 5 above, so as to obtain solutions having a final sucrose concentration of 4%,
8%, 12%, 16%, 20%, 25% or 30% relative to the solutions after the dissolution. Sucrose phosphorylase enzyme liquid
without sucrose was used as a control (0% sucrose) . These solutions were heated in a water bath at 55°C. The solutions
were sampled at the start of the heating (0 minutes), and at 30 minutes, 60 minutes and 90 minutes after the start of the
heating to measure the activity of sucrose phosphorylase in accordance with the method described herein.
[0306] Based on the measured activity, the residual activity was calculated.
[0307] The residual activity was calculated as follows: 

[0308] The results for residual activity are shown in Figure 18. As a result, the following was found. When sucrose
was not present (0%), the activity was reduced to about 10% after 30-minute heating at 55°C.
[0309] When at least 4% sucrose was present, the residual activity was at least 50% after the 30-minute heating.
Particularly, when at least 8% sucrose was present, the residual activity was at least 80% even after the 30-minute heating.

(Example 19: the heat-resistance of Leuconostoc mesenteroides-derived sucrose phosphorylase in the presence of 
sucrose)

[0310] Sucrose was added to and dissolved in an enzyme liquid containing Leuconostoc mesenteroides-derived su-
crose phosphorylase (purchased from Oriental Yeast Co., Ltd.) so as to obtain solutions having a final sucrose concen-
tration of 12%, 16%, 20%, 25% or 30% relative to the solutions after the dissolution. Sucrose phosphorylase enzyme
liquid without sucrose was used as a control (0% sucrose) . These solutions were heated in a water bath at 50°C. The
solutions were sampled at the start of the heating (0 minutes), and at 30 minutes, 60 minutes and 90 minutes after the
start of the heating to measure the activity of sucrose phosphorylase in accordance with the method described herein.
[0311] Based on the measured activity, the residual activity was calculated in accordance with the above-described
formula.
[0312] The results for residual activity are shown in Figure 19. As a result, the following was found. When sucrose
was not present (0%), the activity was reduced to about 10% after 30-minute heating at 50°C.
[0313] When at least 12% sucrose was present, the residual activity was at least 50% after the 30-minute heating.
Particularly, when at least 20% sucrose was present, the residual activity was at least 80% even after the 30-minute
heating.

(Comparative example 20: the effect of fructose on the stability of sucrose phosphorylase)

[0314] In addition to sucrose, fructose, inorganic phosphate, and glucose-1-phosphate are substrates for sucrose
phosphorylase. The effect of fructose on the stability of sucrose phosphorylase was studied in the following manner.
[0315] Fructose was added to and dissolved in a sucrose phosphorylase enzyme liquid containing S. mutans-derived
sucrose phosphorylase prepared according to Section 2. 5 above to obtain a solution having a final concentration of 5%
or 10% relative to the solution after the dissolution. A sucrose phosphorylase enzyme liquid without fructose was used
as a control (0% sucrose) . Also, as control, the case where sucrose was added to the same concentration was studied.
These solutions were heated in a water bath at 55°C. The solutions were sampled at the start of the heating (0 minutes),
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and at 30 minutes, 60 minutes and 90 minutes after the start of the heating to measure the activity of sucrose phospho-
rylase in accordance with the method described herein.
[0316] Based on the measured activity, the residual activity was calculated.
[0317] The results for the residual activity are shown in Figure 20. As a result, fructose was not recognized as having
the effect of stabilizing sucrose phosphorylase as shown for sucrose.

(Comparative example 21: the effect of inorganic phosphate on the stability sucrose phosphorylase)

[0318] The effect of inorganic phosphate on the stability of sucrose phosphorylase was studied in the following manner.
[0319] Sodium phosphate was added to and dissolved in a sucrose phosphorylase enzyme liquid containing S. mutans-
derived sucrose phosphorylase prepared according to Section 2. 5 above to obtain solutions having final concentrations
of 40 mM, 100 mM and 400 mM relative to the solution after the dissolution. A sucrose phosphorylase enzyme liquid
without added sodium phosphate was used as a control (no addition) . Also, as a control, the case where sucrose was
added to a concentration of 10% was studied. These solutions were heated in a water bath at 55°C. The solutions were
sampled at the start of the heating (0 minutes), and at 30 minutes, 60 minutes and 90 minutes after the start of the
heating to measure the activity of sucrose phosphorylase in accordance with the method described herein.
[0320] Based on the measured activity, the residual activity was calculated.
[0321] The results about the residual activity are shown in Figure 21. As a result, inorganic phosphate was not rec-
ognized as having the effect of stabilizing sucrose phosphorylase as shown in sucrose.

(Examples 22-1 to 22-5 and comparative example 22-1: glucan synthesis using pullulan as a primer)

[0322] Glucan synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction) are
shown in Table 18 below.

[0323] Specifically, 0.2 to 1.25% pullulan P-5 (average molecular weight was about 5,000; purchased from Shoko
Co. , Ltd.) was used instead of maltoheptaose, sucrose phosphorylase was used at an activity of 20 U/g sucrose, glucan
phosphorylase was used at an activity of 20 U/g sucrose. Except for that, in comparative example 22-1 and Examples
22-1 to 22-5, glucan synthesis was conducted in the same manner as that in comparative example 3-2-1 and Examples
3-2-1 to 3-2-5.
[0324] After the reaction, the yield of synthesized glucan was determined according to Section 1. 6 above. The results
are shown in Figure 22.
[0325] Even when pullulan was used instead of maltoheptaose, a highly efficient reaction could be conducted at 50
°C by increasing the sucrose concentration from 4% to 8% and the glucan yield was increased.
[0326] As shown in Figure 22, when the reaction temperature was 50°C, the glucan yield was as low as 9.8% where
the sucrose concentration was 4%. However, when the proportions among the substrates and the amounts of the
enzymes were not changed and the sucrose concentration was varied between 8% and 25%, the glucan yield was
increased. When the sucrose concentration was 8%, the yield was 32.0% which was at least three times as great as
the yield where the sucrose concentration was 4%. When the sucrose concentration was at least 15%, the glucan yield

Table 18

No. Sucrose 
(%)

P-5 
(%)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
22-1

4 0.2 20 20 20 50°C

Example 22-1 8 0.4 40 20 20 50°C

Example 22-2 10 0.5 50 20 20 50°C

Example 22-3 15 0.75 75 20 20 50°C

Example 22-4 20 1.0 100 20 20 50°C

Example 22-5 25 1.25 125 20 20 50°C

P-5: Pullulan (average molecular weight was about 5,000) ; % was calculated by Weight/Volume.
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase
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was about 80%. Thus, even when pullulan was used instead of malto-oligosaccharide, an effect equivalent to that when
malto-oligosaccharide was used was obtained.

(Examples 23-1 to 23-7 and comparative example 23-1: glucan synthesis using pullulan as a primer)

[0327] Glucan synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction) are
shown in Table 19 below.

[0328] Specifically, 0.2% pullulan P-5 (average molecular weight about 5,000; purchased from Shoko Co., Ltd.) was
used instead of maltoheptaose. Except for that, in comparative example 23-1 and Examples 23-1 to 23-7, glucan synthesis
was conducted in the same manner as that in comparative example 17-1 and Examples 17-1 to 17-7.
[0329] After the reaction, the yield of synthesized glucan was determined according to Section 1. 6 above. The results
are shown in Figure 23.
[0330] As shown in Figure 23, when 7.2 mM inorganic phosphate was added to and allowed to react with 125 mM
sucrose, the glucan yield was as low as 5.3%. However, when 10 mM inorganic phosphate was added to and allowed
to react with 125 mM sucrose, the yield was 11.7% which was at least twice the above. Further, when 20 to 75 mM
inorganic phosphate was added to and allowed to react with 125 mM sucrose, the yield was at least 20 to 25%.
[0331] Thus, even when pullulan was used instead of malto-oligosaccharide, an effect equivalent to that when malto-
oligosaccharide was used was obtained.

(Examples 24-1 to 24-7 and comparative example 24-1: glucan synthesis using G-1-P)

[0332] Glucan synthesis was conducted using reaction mixtures whose compositions (at the start of the reaction) are
shown in Table 20 below.

Table 19

No. Sucrose 
(mM)

P-5 
(%)

Pi 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
23-1

125 0.2 7.2 20 20 45°C

Example 23-1 125 0.2 10 20 20 45°C

Example 23-2 125 0.2 20 20 20 45°C

Example 23-3 125 0.2 30 20 20 45°C

Example 23-4 125 0.2 50 20 20 45°C

Example 23-5 125 0.2 75 20 20 45°C

Example 23-6 125 0.2 100 20 20 45°C

Example 23-7 125 0.2 125 20 20 45°C

P-5: Pullulan (average molecular weight was about 5,000) ; % was calculated by Weight/Volume.
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase

Table 20

No. Sucrose 
(mM)

G7 
(mM)

G-1-P 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Comparative example 
24-1

125 0.35 7.2 20 20 45°C

Example 24-1 125 0.35 10 20 20 45°C

Example 24-2 125 0.35 20 20 20 45°C

Example 24-3 125 0.35 30 20 20 45°C
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[0333] Specifically, glucose-1-phosphate was used instead of inorganic phosphate, and acetate buffered solution was
used to adjust the reaction liquid to pH 7.0. Except for that, in comparative example 24-1 and Examples 24-1 to 24-7,
glucan synthesis was conducted in the same manner as that in comparative example 17-1 and Examples 17-1 to 17-7.
[0334] After the reaction, the yield of synthesized glucan was determined according to Section 1. 6 above. The results
are shown in Figure 24.
[0335] As shown in Figure 24, when 7.2 mM glucose-1-phosphate was added to and allowed to react with 125 mM
sucrose, the glucan yield was as low as 16.4%. However, when 10 mM glucose-1-phosphate was added to and allowed
to react with 125 mM sucrose, the yield was 35.3% which was at least twice the above. Further, when 20 to 75 mM
glucose-1-phosphate was added to and allowed to react with 125 mM sucrose, the yield was at least 40 to 60%.
[0336] Thus, even when glucan was synthesized using glucose-1-phosphate instead of inorganic phosphate, the
productivity was low in the case of the maximum value of the sucrose-phosphate ratio for conventional methods. However,
at least double productivity was obtained by setting the maximum value of the sucrose-phosphate ratio within a prede-
termined range.

(Examples 25-1 to 25-5: glucan synthesis using a SP-GP reaction system containing a branching enzyme)

[0337] Glucan synthesis was conducted using reaction mixtures whose compositions are shown in Table 21 below.
It should be noted that the branching enzyme used was prepared in accordance with the method disclosed in Japanese
Laid-Open Publication No. 2000-316581 (Japanese Patent Application No. 11-130833).

[0338] This solution was allowed to react at 45°C for 18 hours to synthesize glucan. The reaction volume was 1 ml.
[0339] After the reaction, the yield of the synthesized glucan was measured in a manner as described in 1. 6 above.
Further, the average unit chain length of the synthesized glucan was measured by a method shown in Takata et al.
(Carbohydr. Res., Vol. 295, pp. 91 to 101 (1996)). The results are shown in Table 22 below.

(continued)

No. Sucrose 
(mM)

G7 
(mM)

G-1-P 
(mM)

SP (U/g 
sucrose)

GP (U/g 
sucrose)

Reaction 
temperature

Example 24-4 125 0.35 50 20 20 45°C

Example 24-5 125 0.35 75 20 20 45°C

Example 24-6 125 0.35 100 20 20 45°C

Example 24-7 125 0.35 125 20 20 45°C

G7: Maltoheptaose
G-1-P: Disodium glucose-1-phosphate
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase

Table 21

No. Sucrose (%) G7 (pM) Pi (mM) SP (U/g sucrose) GP (U/g sucrose) BE (U/g sucrose)

Example 25-1 8 40 40 20 20 2500

Example 25-2 8 40 40 20 20 5000

Example 25-3 8 40 40 20 20 10000

Example 25-4 12 80 60 20 20 5000

Example 25-5 12 80 60 20 20 10000

G7: Maltoheptaose
Pi: Potassium dihydrogen phosphate-disodium hydrogen phosphate buffered solution
SP: Streptococcus mutans-derived sucrose phosphorylase
GP: Potato-derived glucan phosphorylase
BE: Aquifex aeolicus-derived branching enzyme
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[0340] It was found that highly-branched glucan could be synthesized at a high yield under these conditions.

INDUSTRIAL APPLICABILITY

[0341] According to the present invention, glucans can be produced. By setting the maximum value of the ratio of the
mole concentration of sucrose to the sum of the mole concentrations of inorganic phosphate and glucose-1-phosphate
during a time from the start of a reaction to the end of the reaction, within a certain range, glucan production at a higher
level of productivity than conventional methods can be obtained. The present inventors could produce glucans (preferably
amylose) at high temperature by conducting reactions under conditions which improve the thermal stability of sucrose
phosphorylase, or developing and using sucrose phosphorylase having a higher level of heat-resistance.
[0342] Such glucans are useful as raw materials for starch processing industries, dietary compositions, compositions
for food additives, adhesive compositions, inclusion compounds and absorbing compounds, medical and cosmetic
compositions, film-type product compositions, and as an alternative for starches used in biodegradable plastics.

Claims

1. A method for producing glucans, comprising the step of:

allowing a reaction solution containing sucrose, a primer, inorganic phosphate or glucose-1-phosphate, sucrose
phosphorylase, and glucan phosphorylase to react to produce glucans,
wherein the reaction is conducted at a temperature of 45°C to 65°C,
wherein the glucan is a saccharide in which the component unit is D-glucose having at least two saccharide
units linked by an α-1,4-glucoside bond;
wherein the primer refers to a molecule which functions as a starting material for glucan synthesis;
wherein the sucrose concentration of the reaction solution is 15% to 50% at the start of the reaction; and
wherein the sucrose phosphorylase is derived from Leuconostoc mesenteroides or a bacterium belonging to
the genus Streptococcus.

2. A method according to claim 1, wherein the glucan is amylose.

3. A method according to claim 1, wherein the sucrose phosphorylase is derived from a bacterium belonging to the
genus Streptococcus.

4. A method according to claim 3, wherein the sucrose phosphorylase is derived from a bacterium belonging to the
genus Streptococcus selected from the group consisting of Streptococcus mutans, Streptococcus thermophilus,
Streptococcus pneumoniae, and Streptococcus mitis.

5. A method according to claim 1, wherein the glucan phosphorylase is derived from a plant.

6. A method according to claim 5, wherein the glucan phosphorylase is derived from an alga.

7. A method according to claim 5, wherein the glucan phosphorylase is derived from potato.

Table 22

No. Yield (%) Average unit chain length

Example 25-1 69.7 N/A

Example 25-2 79.7 18

Example 25-3 64.8 9

Example 25-4 85.3 20

Example 25-5 87.9 13

N/A: not analyzed
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8. A method according to claim 1, wherein the glucan phosphorylase is derived from Thermus aquaticus.

9. A method according to claim 1, wherein the glucan phosphorylase is derived from Bacillus stearothermophilus.

10. A method according to claim 1, wherein both or at least one of the sucrose phosphorylase and the glucan phospho-
rylase is produced by a recombinant microorganism.

11. A method according to claim 1, wherein both or at least one of the sucrose phosphorylase and the glucan phospho-
rylase is immobilized on a carrier.

12. A method according to claim 1, wherein the primer is selected from the group consisting of malto-oligosaccharide,
amylose, amylopectin, glycogen, dextrin, pullulan, coupling sugar, starch, and derivatives thereof.

13. A method according to claim 12, wherein the malto-oligosaccharide is a malto-oligosaccharide mixture.

14. A method according to claim 13, wherein the malto-oligosaccharide mixture contains at least one of maltotriose,
maltose, and glucose in addition to malto-oligosaccharides having a degree of polymerization greater than or equal
to that of maltotetraose.

15. A method according to claim 12, wherein the starch is selected from the group consisting of soluble starch, waxy
starch, high amylose starch, starch degraded by a debranching enzyme, starch degraded by phosphorylase, starch
partially degraded by hydrolysis, processed starch, and derivatives thereof.

16. A method according to claim 1, further comprising the step of purifying the produced glucans without using an organic
solvent.

17. A method according to claim 1, further comprising the steps of cooling the reaction solution after the reaction to
precipitate the glucans, and purifying the precipitated glucan by a solid-liquid separation method.

18. A method according to claim 1, further comprising the steps of:

cooling the reaction solution during or after the glucan producing reaction to gel the glucans;
recovering the gelled glucans; and
removing fructose from the gelled glucans by an operation selected from the group consisting of washing with
water, freeze-thawing, filtration, squeezing, suction and centrifugation.

19. A method according to claim 1, further comprising the step of subjecting glucans dissolved in water after the glucan
producing reaction to membrane fractionation using an ultrafiltration membrane or chromatography without precip-
itation to remove fructose.

20. A method according to claim 1, wherein the reaction solution further contains an enzyme selected from the group
consisting of debranching enzymes, branching enzymes, 4-α-glucanotransferase, and glycogen debranching en-
zymes.

Patentansprüche

1. Verfahren zur Produktion von Glucanen, umfassend den Schritt:

Reagierenlassen einer Reaktionslösung, die Saccharose, einen Primer, anorganisches Phosphat oder Glucose-
1-phosphat, Saccharosephosphorylase und Glucanphosphorylase enthält, wodurch Glucane produziert wer-
den,
wobei die Umsetzung bei einer Temperatur von 45°C bis 65°C durchgeführt wird,
wobei es sich bei dem Glucan um ein Saccharid handelt, bei dem es sich bei der Komponenteneinheit um D-
Glucose mit mindestens zwei über eine α-1,4-Glucosidbindung verbundenen Saccharideinheiten handelt,
wobei der Primer ein Molekül, das als Ausgangsmaterial für die Glucansynthese agiert, bedeutet,
wobei die Saccharosekonzentration der Reaktionslösung zu Beginn der Reaktion 15% bis 50% beträgt und
wobei die Saccharosephosphorylase aus Leuconostoc mesenteroides oder einem Bakterium der Gattung Strep-
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tococcus stammt.

2. Verfahren nach Anspruch 1, wobei es sich bei dem Glucan um Amylose handelt.

3. Verfahren nach Anspruch 1, wobei die Saccharosephosphorylase von einem Bakterium, das zur Gattung Strepto-
coccus gehört, stammt.

4. Verfahren nach Anspruch 3, wobei die Saccharosephosphorylase von einem Bakterium, das zur Gattung Strepto-
coccus gehört, ausgewählt aus der Gruppe bestehend aus Streptococcus mutans, Streptococcus thermophilus,
Streptococcus pneumoniae und Streptococcus mitis, stammt.

5. Verfahren nach Anspruch 1, wobei die Glucanphosphorylase von einer Pflanze stammt.

6. Verfahren nach Anspruch 5, wobei die Glucanphosphorylase von einer Alge stammt.

7. Verfahren nach Anspruch 5, wobei die Glucanphosphorylase von der Kartoffel stammt.

8. Verfahren nach Anspruch 1, wobei die Glucanphosphorylase von Thermus aquaticus stammt.

9. Verfahren nach Anspruch 1, wobei die Glucanphosphorylase von Bacillus stearothermophilus stammt.

10. Verfahren nach Anspruch 1, wobei sowohl die Saccharosephosphorylase als auch die Glucanphosphorylase oder
mindestens eine davon von einem rekombinanten Mikroorganismus produziert wird/werden.

11. Verfahren nach Anspruch 1, wobei sowohl die Saccharosephosphorylase als auch die Glucanphosphorylase oder
mindestens eine davon auf einem Träger immobilisiert ist/sind.

12. Verfahren nach Anspruch 1, wobei der Primer aus der Gruppe bestehend aus Maltooligosaccharid, Amylose, Amy-
lopectin, Glycogen, Dextrin, Pullulan, koppelndem Zucker, Stärke und Derivaten davon ausgewählt ist.

13. Verfahren nach Anspruch 12, wobei es sich bei dem Maltooligosaccharid um eine Maltooligosaccharidmischung
handelt.

14. Verfahren nach Anspruch 13, wobei die Maltooligosaccharidmischung zusätzlich zu Maltooligosacchariden mit ei-
nem Polymerisationsgrad von größer als oder gleich demjenigen der Maltotetraose Maltotriose, Maltose und/oder
Glucose enthält.

15. Verfahren nach Anspruch 12, wobei die Stärke aus der Gruppe bestehend aus löslicher Stärke, wachsartiger Stärke,
High-Amylose-Stärke, von einem Entzweigungsenzym abgebauter Stärke, von Phosphorylase abgebauter Stärke,
teilweise hydrolysierter Stärke, prozessierter Stärke und Derivaten davon ausgewählt ist.

16. Verfahren nach Anspruch 1, das weiterhin den Schritt: Aufreinigen der produzierten Glucane ohne Einsatz eines
organischen Lösungsmittels umfasst.

17. Verfahren nach Anspruch 1, das weiterhin die Schritte: Abkühlen der Reaktionslösung nach der Reaktion, um die
Glucane auszufällen, und Aufreinigen des ausgefällten Glucans mittels eines Fest-Flüssig-Trennverfahrens umfasst.

18. Verfahren nach Anspruch 1, das weiterhin die Schritte:

Abkühlen der Reaktionslösung während oder nach der Glucanproduktionsreaktion, um die Glucane zu gelieren;
Gewinnen der gelierten Glucane; und
Entfernen von Fruktose aus den gelierten Glucanen durch einen Vorgang, ausgewählt aus der Gruppe beste-
hend aus Waschen mit Wasser, Gefrieren/Auftauen, Filtrieren, Abdrücken, Absaugen und Zentrifugieren um-
fasst.

19. Verfahren nach Anspruch 1, das weiterhin den Schritt: Durchführen einer Membranfraktionierung der in Wasser
gelösten Glucane nach der Glucanproduktionsreaktion unter Verwendung einer Ultrafiltrationsmembran oder Chro-
matographie ohne Ausfällen, um die Fruktose zu entfernen, umfasst.
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20. Verfahren nach Anspruch 1, wobei die Reaktionslösung weiterhin ein Enzym, ausgewählt aus der Gruppe bestehend
aus Entzweigungsenzymen, Verzweigungsenzymen, 4-α-Glucanotransferase und Glycogenentzweigungsenzy-
men, enthält.

Revendications

1. Procédé de production de glucanes, comprenant l’étape consistant à :

permettre la réaction d’une solution réactionnelle contenant du saccharose, une amorce, du phosphate inor-
ganique ou du glucose-1-phosphate, une saccharose phosphorylase et une glucane phosphorylase pour pro-
duire des glucanes,
la réaction étant effectuée à une température de 45°C à 65°C,
le glucane étant un saccharide dans lequel le motif constitutif est le D-glucose ayant au moins deux motifs
saccharide liés par une liaison α-1,4-glucoside ;
l’amorce se référant à une molécule qui fonctionne comme matière de départ pour la synthèse de glucanes,
la concentration en saccharose de la solution réactionnelle étant de 15 % à 50 % au début de la réaction ; et
la saccharose phosphorylase étant dérivée de Leuconostoc mesenteroides ou d’une bactérie appartenant au
genre Streptococcus.

2. Procédé selon la revendication 1, le glucane étant l’amylose.

3. Procédé selon la revendication 1, la saccharose phosphorylase étant dérivée d’une bactérie appartenant au genre
Streptococcus.

4. Procédé selon la revendication 3, la saccharose phosphorylase étant dérivée d’une bactérie appartenant au genre
Streptococcus choisie dans le groupe constitué par Streptococcus mutans, Streptococcus thermophilus, Strepto-
coccus pneumoniae et Streptococcus mitis.

5. Procédé selon la revendication 1, la glucane phosphorylase étant dérivée d’une plante.

6. Procédé selon la revendication 5, la glucane phosphorylase étant dérivée d’une algue.

7. Procédé selon la revendication 5, la glucane phosphorylase étant dérivée de la pomme de terre.

8. Procédé selon la revendication 1, la glucane phosphorylase étant dérivée de Thermus aquaticus.

9. Procédé selon la revendication 1, la glucane phosphorylase étant dérivée de Bacillus stearothermophilus.

10. Procédé selon la revendication 1, à la fois la saccharose phosphorylase et la glucane phosphorylase, ou au moins
l’une de celles-ci, étant produite(s) par un micro-organisme recombinant.

11. Procédé selon la revendication 1, à la fois la saccharose phosphorylase et la glucane phosphorylase, ou au moins
l’une de celles-ci, étant immobilisée(s) sur un support.

12. Procédé selon la revendication 1, l’amorce étant choisie dans le groupe constitué par le malto-oligosaccharide,
l’amylose, l’amylopectine, le glycogène, la dextrine, le pullulane, le sucre de couplage, l’amidon et leurs dérivés.

13. Procédé selon la revendication 12, le malto-oligosaccharide étant un mélange de malto-oligosaccharides.

14. Procédé selon la revendication 13, le mélange de malto-oligosaccharides contenant au moins l’un parmi le malto-
triose, le maltose et le glucose en plus de malto-oligosaccharides présentant un degré de polymérisation supérieur
ou égal à celui du maltotétraose.

15. Procédé selon la revendication 12, l’amidon étant choisi dans le groupe constitué par l’amidon soluble, l’amidon
cireux, l’amidon à haute teneur en amylose, l’amidon dégradé par une enzyme de déramification, l’amidon dégradé
par une phosphorylase, l’amidon partiellement dégradé par hydrolyse, l’amidon transformé et des dérivés corres-
pondants.
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16. Procédé selon la revendication 1, comprenant en outre l’étape de purification des glucanes produits sans utiliser
de solvant organique.

17. Procédé selon la revendication 1, comprenant en outre les étapes de refroidissement de la solution réactionnelle
après la réaction pour précipiter les glucanes et de purification des glucanes précipités par un procédé de séparation
solide-liquide.

18. Procédé selon la revendication 1, comprenant en outre les étapes consistant à :

refroidir la solution réactionnelle pendant ou après la réaction de production de glucanes pour gélifier les
glucanes ;
récupérer les glucanes gélifiés ; et
éliminer le fructose des glucanes gélifiés par une opération choisie dans le groupe constitué par le lavage à
l’eau, la congélation-décongélation, la filtration, la compression, l’aspiration et la centrifugation.

19. Procédé selon la revendication 1, comprenant en outre l’étape consistant à soumettre les glucanes dissous dans
l’eau après la réaction de production de glucanes à un fractionnement sur membrane à l’aide d’une membrane
d’ultrafiltration ou à une chromatographie sans précipitation pour éliminer le fructose.

20. Procédé selon la revendication 1, la solution réactionnelle contenant en outre une enzyme choisie dans le groupe
constitué par les enzymes de déramification, les enzymes de ramification, la 4-α-glucanotransférase et les enzymes
de déramification de glycogène.
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