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TITLE

HIGH TITER PRODUCTION OF POLY (o 1, 3 GLUCAN)

FIELD OF INVENTION

This invention relates to the field of production of a structural
polysaccharide. Specifically, it relates to production of poly (« 1, 3 glucan) via an
enzymatic reaction. More specifically, it relates to increasing the titer of poly (o 1,
3 glucan) formed during the enzymatic reaction.

BACKGROUND

Cellulose, a polysaccharide formed from glucose via B (1, 4) glycoside
linkages by natural processes (Applied Fiber Science, F. Happey, Ed., Chapter 8,
E. Atkins, Academic Press, New York, 1979), has achieved commercial
prominence as a fiber as a consequence of the many useful products derived
therefrom. In particular, cotton, a highly pure form of naturally occurring cellulose,
is well-known for its beneficial attributes in textile applications.

Cellulose exhibits sufficient chain extension and backbone rigidity in
solution to form liquid crystalline solutions (U.S. Patent No. 4,501,886). However,
sufficient polysaccharide chain extension has hitherto been achieved primarily in
B (1, 4) linked polysaccharides. Any significant deviation from that backbone
geometry in the glucan polysaccharide family lowers the molecuiar aspect ratio
below that required for the formation of an ordered lyotropic phase. Additionaily,
it is well-known that important commercial cellulosic fibers such as cotton and
rayon increasingly present sustainability issues with respect to land use and
environmental imprint.

it is therefore highly desirable to discover other glucose-based
polysaccharides with utility in films, fibers and resins largely because of the
current emphasis on producing low cost, structural materials from renewable
resources. In addition such polymers offer materials that are environmentally
benign throughout their entire life cycle.
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Poly (a1, 3 glucan), a glucan polymer characterized by having a (1, 3)
glycoside linkages, has been isolated by contacting an aqueous solution of
sucrose with a glucosyltransferase (gtfd) enzyme isolated from Streptococcus
salivarius {Simpson et al., Microbiology, 141: 1451-1460, 1995). Glucan refers to
a polysaccharide composed of D-glucose monomers linked by glycosidic bonds.
Films prepared from poly (a1, 3 glucan) tolerated temperatures up to 150 °C and
provided an advantage over polymers obtained from B (1, 4) linked
polysaccharides (Ogawa et al., Fiber Differentiation Methods, 47: 353-362,
1980).

U.S. Patent 7,000,000 disclosed preparation of a polysaccharide fiber
comprising hexose units, wherein at least 50% of the hexose units within the
polymer were linked via a (1, 3) glycoside linkages using the glucosyltransferase
enzyme gtfJ of Streptococcus salivarius. The disclosed polymer formed a liquid
crystalline solution when it was dissolved above a critical concentration in a
solvent or in a mixture comprising a solvent. From this solution continuous,
strong, cotton-like fibers highly suitable for use in textiles were spun and used
either in a derivatized form or as a non-derivatized (regenerated) form. The poly
(o 1, 3 glucan) in U.S. Patent 7,000,000 was made in a batch process wherein
the poly (o 1, 3 glucan) titers were typically less than 25 grams of poly (a1, 3
glucan) per liter of the reactor volume.

It can be desirable to develop processes to increase the titer of the poly
(a1, 3 glucan) formed by the enzymatic reaction.

SUMMARY OF INVENTION

This invention is a process for production of poly (a 1, 3 glucan) from a
renewable feedstock, for applications in fibers, films, and pulps. The polymer is
made directly in a one step enzymatic reaction using a recombinant
glucosyliransferase (gtfJ) enzyme as the catalyst and sucrose as the substrate.
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in one aspect, the disclosed invention is a process for producing poly (a 1,
3 glucan) in a reaction system comprising two chambers separated by a semi-
permeable membrane, wherein:
a) a first chamber comprises an enzyme reaction solution comprising:
i) sucrose; and
ii) at least one glucosyltransferase enzyme; and
b} a second chamber, separated from the first chamber by a semi-
permeable membrane in contact with the enzyme reaction solution wherein the
semi-permeable membrane is permeable to fructose and other low molecular
weight moieties but impermeabile to poly (a 1, 3 glucan), facilitates continuous
removal of fructose and other low molecular weight moieties while retaining poly
(o 1, 3 glucan) and the at least one glucosyltransferase enzyme inside the first
chamber.
In another aspect, the disclosed invention is a process wherein poly (o 1,
3 glucan), at a titer of 30 — 200 grams per liter, is produced from sucrose by at
least one glucosyltransferase enzyme.

DESCRIPTION OF DNA SEQUENCES
SEQ NO. 1 is the sequence of the synthesized gene of the mature

glucosyltransferase which has been codon optimized for expression in E. coli.

SEQ NO. 2 is the DNA sequence for the plasmid pMP52.

SEQ NO. 3 is the DNA sequence of the mature glucosyltransferase (gtfJ
enzyme; EC 2.4.1.5; GENBANK® AAA26896.1) from Strepfococcus salivarius
(ATCC 25975).

DETAILED DESCRIPTION OF INVENTION

Poly (a. 1, 3 glucan) is a potentially low cost polymer which can be
enzymatically produced from renewable resources such as sucrose using the
gtfd enzyme of Streptococcus salivarius. It has been shown that selected
polymers comprising hexose units with o (1, 3) glycoside linkages can form
ordered liquid crystalline solutions when the polymer is dissolved in a solvent
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under certain conditions (U. S. Patent No. 7,000,000). Moreover such solutions
can be spun into continuous, high strength, cotton-like fibers. In U. S, Patent No.
7,000,000, batch enzymatic reactions were employed for conversion of sucrose
to poly (o 1, 3 glucan) with gtfd, and the by-products fructose and leucrose
accumulated in the reactor. Since the accumulated fructose is known to compete
for glucosyl moieties during enzymatic reaction, conversion of available glucose
to poly {a 1, 3 glucan) was subseqguently hindered thus limiting the final titer of
the desired product per unit reactor volume.

The term “leucrose’, as used herein, refers to a disaccharide consisting of
glucose and fructose, linked by an « (1, 5) bond.

The term “glucosyltransferase (gtf) enzyme”, as used herein, refers to an
enzyme excreted by oral streptococci, such as Streptococcus salivarius which
utifizes the high free energy of the glycosidic bond of sucrose to synthesize poly
{a 1, 3 glucan). A glycosidic bond can join two monosaccharides to form a
disaccharide. The glycosidic bonds can be in the o or § configuration and can
generate, for example, a. (1, 2), o (1, 3}, a (1, 4), o (1, 8), B (1, 2), B (1, 3), B (1,
4yor B (1, 6) linkages. The term “o. (1,3) glycoside linkage”, as used herein, refers
to a type of covalent bond that joins glucose molecules to each other through the
ring carbons 1 and 3 on adjacent glucose rings.

The term “poly (o 1, 3 glucan)’, as used herein, refers o high molecular
weight, linear polymers obtained from polysaccharide molecules resulting from
linking glucose units via o (1,3) glycosidic linkages.

The present invention relates to a process for increasing the titer of the
polysaccharide, poly {(a 1, 3 glucan), produced from sucrose in an enzymatic
reaction using one or more gif enzymes. The term “enzymatic reaction” refers to
a reaction that is performed by the gtf enzyme. An “enzyme reaction solution” of
the present invention generally refers to a reaction mixture comprising at least
one gtf enzyme in a buffer solution comprising sucrose and possibly one or more
primers to convert sucrose to poly (o 1, 3 glucan).
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The glucosyltransferase enzyme used in the present invention can be any
gtf enzyme. The gtf enzyme used can be from any streprococci. Suitable gtf
enzymes can be, for example, the gtfd of Streptococcus salivarius, the gtiB and
the gtfC from Streptococcus mutans, and the gtfl from Streptococcus downei.
Particularly, the Streptococcus species can be Sireptococcus salivarius. More
particularly, the gtf enzyme can be the gtfd (E.C. 2.4.1.5) enzyme of
Streptococcus salivarius.

In one embodiment, the enzyme reaction solution can comprise only one
gtf enzyme as described herein. In another embodiment, the enzyme reaction
solution can comprise a combination of more than one type of gif enzyme.

For purposes of this invention, sufficient quantities of the gtfJ enzyme can
be produced using a recombinant £. coli strain for gtfd production as described in
the Examples. Methods for designing the codon optimized genes and expression
in E. coli are well known in the art.

Methods for the growth of recombinant microorganisms are well known in
the art. Recombinant microorganisms expressing the desired gtf enzyme to
perform the instant reaction can be grown in any container, such as, for example:
various types of flasks with and without indentations; any autoclavable container
that can be sealed and temperature-controlled; or any type of fermenter. In one
embodiment, production of the gtfJ enzyme for poly (o 1, 3 glucan) production in
the present invention can be achieved by growing the recombinant £. cofi
MG1655/pMP52, expressing the gtfd enzyme, in a fermenter.

The gtfd enzyme of Streptococcus salivarius, used as the catalyst for
conversion of sucrose fo poly (a 1, 3 glucan) in the current invention, is a primer-
dependent gif enzyme. A primer-dependent gitf enzyme as referenced in the
present application, refers to a gtf enzyme that requires the presence of an
initiating molecule in the enzyme reaction solution to act as a primer for the
enzyme during poly (a 1, 3 glucan) synthesis. Thus a “primer”, as the term is
used herein, refers to any molecule that can act as the initiator for the primer-
dependent glucosyltransferases. Many other glucosyltransferases are primer-
independent enzymes. The primer-independent enzymes do not require the
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presence of a primer to perform the reaction. For the purposes of the present
invention, either or both a primer-independent enzyme, and/or a primer-
dependent gif enzyme can be used in the same enzyme reaction system during
poly (o 1, 3 glucan) synthesis.

The gtfd is a primer-dependent enzyme. In the present invention, dextran,
which is a complex, branched glucan was used as a primer for the gifd enzyme.
While gif is a primer-dependent enzyme, conversion of sucroseto poly (o 1, 3
glucan) with this enzyme can also occur in the absence of a primer.

The production of poly (o 1, 3 glucan), by the gtfd enzyme of
Streptococcus salivarius is inhibited by its by-product, fructose. When fructose
accumulates in the enzyme reaction solution it can inhibit the production of poly
(o 1, 3 glucan) by the enzyme, presumably by competing for available glucosyl
moieties which results in the formation of the disaccharide, leucrose. In the
present invention, to reduce the effect on gtfJ of fructose, the fructose in the
enzyme reaction solution can be continuously removed to prevent its
accumulation to inhibitory levels in the enzyme reaction solution. For the
purposes of the current invention the reaction system can comprise a semi-
permeable membrane that separates the enzyme reaction solution, contained in
the first chamber, comprising one or more gif enzymes, one or more primers and
sucrose, from the surrounding buffer contained in the second chamber. The term
“chamber” as used herein, refers to any container that can hold the enzyme
reaction solution or the products of the enzyme reaction solution. The chamber
can be made of glass, plastic, metal, film, membrane or any other type of inert
material that can hold the enzyme reaction solution. The term “semi-permeable
membrane”, as used herein, refers to a membrane that will allow passage of
certain molecules or ions by diffusion while retaining some other molecules.
Essentially any semi-permeable membrane, with a molecular cutoff between
12,000 and 100,000 Daltons that will allow fructose and other low molecular
weight moieties to pass through while retaining the enzyme and poly (a 1, 3
glucan) can be suitable for use in the present invention. The term “other low
molecular weight moieties” as used herein, refers to various compounds with
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molecular weights below 1000 Dalton that can be present in the enzyme reaction
solution. Due to the removal of the by-product fructose from the enzyme reaction
solution contained in the first chamber, leucrose formation can be reduced. in
one embodiment of the present invention, dialysis tubing can be used as the
semi-permeable membrane to remove the by-product fructose from the enzyme
reaction solution.

For the present invention, the enzyme reaction solution can be maintained
at 20 °C to 25 °C.

The present invention provides for production of poly (o 1, 3 glucan), as a
low cost material that can be economically obtained from readily renewable
sucrose feedstocks for a variety of applications including fibers, films, and pulps.
In particular, it is expected that poly (o 1, 3 glucan) fibers, for example, will
functionally substitute for cotton and regenerated cellulose fibers, leading to new
textile fibers with minimal environmental impact and excellent sustainability
versus the aforementioned incumbents.

EXAMPLES

The advantageous attributes and effects of the composition and process
disclosed herein can be more fully appreciated from the examples described
below. The embodiments of the process on which the examples are based are
representative only, and the selection of those embodiments to illustrate the
invention does not indicate that materials, components, reactants, conditions,
specifications, steps or technigues not described in these examples are
unsuitable for practicing these processes, or that subject matter not described in
these examples is excluded from the scope of the appended claims and
equivalents thereof.
Materials

Dialysis tubing (Spectrapor 25225-226, 12000 molecular weight cut-off)
was obtained from VWR (Radnor, PA).

Dextran and ethanol were obtained from Sigma Aldrich. Sucrose was
obtained from VWR.
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Suppressor 7153 antifoam was obtained from Cognis Corporation
(Cincinnati, OH).

All other chemicals were obtained from commonly used suppliers of such
chemicals.
Seed medium

The seed medium, used to grow the starter cultures for the fermenters,
contained: yeast extract (Amberx 695, 5.0 grams per liter, g/L), KogHPO4 (10.0
g/L), KHoPQO4 (7.0 g/L), sodium citrate dihydrate (1.0 g/L), (NH4)2S04 (4.0 g/L),
MgSQO4 heptahydrate (1.0 g/L) and ferric ammonium citrate (0.10 g/L). The pH of
the medium was adjusted to 5.8 using either SN NaOH or H,S04 and the medium
was sterilized in the flask. Post sterilization additions included glucose (20 mL/L
of a 50% w/w solution) and ampicillin (4 mL/L of a 25 mg/mL stock solution).
Fermenter medium

The growth medium used in the fermenter contained: KH2PO4 (3.50 g/L.),
FeS0O4 heptahydrate (0.05 g/L), MgSO4 heptahydrate (2.0 g/L), sodium citrate
dihydrate (1.90 g/L), yeast exiract (Ambrex 695, 5.0 g/L), Suppressor 7153
antifoam (0.25 milliliters per liter, mL/L), NaCl (1.0 g/L), CaCl, dihydrate (10 g/L),
and NIT trace elements solution (10 mL/L). The NIT trace elements solution
contained citric acid monohydrate (10 g/L), MnSO4 hydrate (2 g/L), NaCl (2 g/L},
FeS04 heptahydrate (0.5 g/L), ZnSO4 heptahydrate (0.2 g/L), CuSO4
pentahydrate (0.02 g/L) and NaMoO, dihydrate (0.02 g/l.). Post sterilization
additions included glucose (12.5 g/L of a 50% w/w solution) and ampicillin (4
mb/L of a 25 mg/mL stock solution).

EXAMPLE 1
CONSTRUCTION OF GLUCOSYLTRANSFERASE (gtf)) ENZYME
EXPRESSION STRAIN
The gene encoding the mature glucosyliransferase enzyme (gtfd; EC
2.4.1.5) from Streptococcus salivarius (ATCC 25975) as reported in GENBANK®
(accession M64111.1) was synthesized using codons optimized for expression in
E. coli (DNA 2.0, Menlo Park, CA). The nucleic acid product (SEQ ID NO: 1) was
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subcloned into pJexpress404® (DNA 2.0, Menlo Park CA) to generate the
plasmid identified as pMP52 (SEQ ID NO: 2). The plasmid pMP52 was used to
transform E. coli MG1655 (ATCC 47076™) to generate the strain identified as
MG1655/pMP52. All procedures used for construction of the glucosyltransferase
enzyme expression strain are well known in the art and can be performed by
individuals skilled in the relevant art without undue experimentation.

EXAMPLE 2
PRODUCTION OF RECOMBINANT gtfJ IN FERMENTATION

Production of the recombinant gtfd enzyme in a fermenter was initiated by
preparing a pre-seed culture of the E. coli strain MG1655/pMP32, expressing the
gtfd enzyme, constructed as described in Example 1. A 10 mL aliquot of the seed
medium was added into a 125 mL disposable baffled flask and was inoculated
with a 1.0 mL culture of E. coli MG1655/pMP52 in 20% glycerol. This culture was
allowed to grow at 37 °C while shaking at 300 revolutions per minute (rpm) for 3
hours.

A seed culture, for starting the fermenter, was prepared by charginga 2 L
shake flask with 0.5 L of the seed medium. 1.0 mL of the pre-seed culture was
aseptically transferred into 0.5 L seed medium in the flask and cultivated at 37 °C
and 300 rpm for 5 hours. The seed culture was transferred at optical density 550
nm (ODss0) >2 to a 14 L fermenter (Braun, Perth Amboy, NJ) containing 8 L of
the fermenter medium described above at 37 °C.

Celis of E. coli MG1655/pMP52 were allowed to grow in the fermenter and
glucose feed (50% w/w glucose solution containing 1% wiw MgS0, 7H,0) was
initiated when glucose concentration in the medium decreased to 0.5 g/L.. The
feed was started at 0.36 grams feed per minute (g feed/min) and increased
progressively each hour to 0.42, 0.49, 0.57, 0.66, 0.77, 0.90, 1.04, 1.21, 1.41
1.63, 1.92, 2.2 g feed/min respectively. The rate remained constant afterwards.
Glucose concentration in the medium was monitored using an YS! glucose
analyzer (YSI, Yellow Springs, Ohic). When glucose concentration exceeded 0.1
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g/L the feed rate was decreased or stopped temporarily. Induction of
glucosylfransferase enzyme activity was initiated, when cells reached an ODsso
of 70, with the addition of 9 mL of 0.5 M IPTG (isopropy! B-D-1-thiogatacto-
pyranoside). The dissolved oxygen (DO) concentration was controlled at 25% of
air saturation. The DO was controlled first by impeller agitation rate (400 to 1200
rpm) and later by aeration rate (2 to 10 standard liters per minute, sipm). The pH
was conirolied at 6.8. NH4OH (14.5% weight/volume, w/v) and H,S04 (20% w/v)
were used for pH control. The back pressure was maintained at 0.5 bars. At
various intervals (20, 25 and 30 hours), 5 mL of Suppressor 7153 antifoam was
added into the fermenter to suppress foaming. Cells were harvested by
centrifugation 8 hours post IPTG addition and were stored at -80 °C as a cell
paste.
EXAMPLE 3
PREPARATION OF GTFJ CRUDE ENZYME EXTRACT FROM CELL PASTE
The cell paste obtained above was suspended at 150 g/L in 50 mM

potassium phosphate buffer pH 7.2 to prepare a siurry. The slurry was
homogenized at 12,000 psi (Rannie-type machine, APV-1000 or APV 16.56) and
the homogenate chilled to 4 °C. With moderately vigorous stirring, 50 g of a floc
solution (Aldrich no. 409138, 5% in 50 mM sodium phosphate buffer pH 7.0) was
added per liter of cell homogenate. Agitation was reduced to light stirring for 15
minutes. The cell homogenate was then clarified by centrifugation at 4500 rpm
for 3 hours at 5-10 °C. Supematant, containing crude gtfJ enzyme extract, was
concentrated (approximately 5X) with a 30 kilo Dalton (kDa) cut-off membrane.
The concentration of protein in the gftd enzyme solution was determined by the
bicinchoninic acid (BCA) protein assay (Sigma Aldrich) to be 4-8 g/L.

EXAMPLE 4

IMPROVING THE TITER OF POLY (o 1, 3 GLUCAN) BY USING A SEMI-
PERMEABLE MEMBRANE

This Example demonstrates that removal and/or dilution of the by-product

fructose, formed during conversion of sucrose to poly (o 1, 3 glucan), increases

10
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poly (o 1,3 glucan) titer. Dialysis tubing was used as a semi-permeable
membrane in this Example since it allows passage of the by-product fructose
formed during the enzymatic reaction, from inside the tubing to outside of the
dialysis tubes.

The enzyme reaction solution in this Example contained 8 L of the
sucrose stock solution (Table 1), 24 g of dextran T-10, as the primer, and 1.0
volume % of the gtf enzyme.

TABLE 1

sucrose stock solution
Material concentration
Sucrose 1200 g
KH2PO4
Buffer
(pH 6.8 ~7.0) 50 mM
10% KOH as needed for adjusting
sol'n topH7
Ethanol 800 mL
De-ionized
water To 8 liters

Four individual dialysis tubes (50 mL capacity) were used as test samples
and charged with 50 mL of the enzyme reaction solution and were sealed. The
individual dialysis tubes were then suspended in polyethylene buckets holding
different volumes of the sucrose stock solution (Table 1) as the surrounding
buffer. These polyethylene buckets were then placed on a magnetic stirring plate
and allowed to stir at 20-25 °C for 72 hours. A control sample was prepared, in a
capped centrifuge tube, consisting of 50 mL of the enzyme reaction solution, in
the same proportions as the test samples, and allowed to stand at 20-25 °C
temperature for 72 hours without stirring. The control sample was not placed in
the dialysis tube or the surrounding buffer.

11
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After 72 hours, the test samples in the dialysis tubes were removed from
the surrounding buffer, the tubes were cut open and the poly (o 1, 3 glucan)
solids were collected on a Buchner funnel using 325 mesh screen over 40
micometers filter paper. The filter cake was resuspended in deionized water and

5 filtered twice more as above to remove residual sucrose, fructose and other low
molecular weight, soluble by-products. Finally two additional washes with
methanol were carried out. The filter cake was pressed out thoroughly on the
funnel and dried under vacuum at room temperature. The poly (o 1, 3 glucan)
formed in the control sample was also isolated and weighed. Formation of poly

10 (a1, 3 glucan) in the tests and the control samples was confirmed using
publically available information (Nakamura, T., et al., Biosci. Biotechnol.
Biochem., 68: 868-872, 2004). The resuiting dry weights of the poly (¢ 1, 3
glucan) obtained following conversion of sucrose to poly (o 1, 3 glucan) by the
gtfd enzyme, from the test and the control samples, are shown in Table 2.

15
TABLE 2
Comparison of poly {(a 1, 3 glucan) formed in the presence and absence of a
semi-permeable membrane
Volume of 15%
sucrose solution
(the surrounding poly (o 1, 3 glucan)
buffer) (9)
5L 1.395¢
2501 1.515g
250 mL 1.132¢g
250 mL 1.114g
Control 0.696g
20 The above results show clearly that the titer of poly (o 1, 3 glucan) was

significantly enhanced when the enzyme reaction solution was placed in a
dialysis tube and was placed in the surrounding buffer that aliowed continuous

12
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passage of the by-product fructose from inside the dialysis tube to outside, thus
diluting the concentration of fructose, formed by the enzyme, inside the tube.
The highest polymer titers were obtained at higher volumes of the surrounding
buffer which can result in higher dilution of the by-product fructose.

EXAMPLE 5
DETERMINATION OF THE AMOUNT OF POLY (o 1, 3 GLUCAN) FORMED AT
TIMED INTERVALS
To 3 L of the sucrose stock solution (Table 1), 9 g of dextran T-10, as the

primer and 2.0% volume% of gif were added to prepare the enzyme reaction
solution.

Seven individual dialysis tubes were used as test samples and charged
with 50 mL of the enzyme reaction solution and were sealed. The individual
dialysis tubes were then suspended in a polyethylene bucket containing 3 L of
the sucrose stock solution as the surrounding buffer. The buckets were placed on
a magnetic stirring plate and allowed to stir at 20-25 °C for 72 hours. individual
dialysis tubes were removed at timed intervals shown in Table 3. Since the titer
of the poly (. 1, 3 glucan) formed in control samples, as described in the
Example 4, was consistently around 0.6 g after 72 hours, no control samples
were used in this experiment.

At each timed interval, the poly (o 1, 3 glucan) solids formed in the dialysis
tubes were isolated as described in Example 4. The resulting dry weights of the
poly (o 1, 3 glucan) obtained enzyme reaction solution at various time intervals
are shown in Table 3.

TABLE 3

Weight of the Poly (a 1, 3 glucan) formed at various timed intervals

13
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Time poly (a1, 3 glucan)
(hour) (@)
6 0.48
21 1.21
28 1.33
36 1.52
48 1.71
60 2.07
72 2.50

The above results clearly showed that production of poly (a1, 3 glucan)
was significantly enhanced as the enzyme reaction was allowed to proceed for a
5 longer period of time (e.g., 72 hours).

14



CLAIMS

1. A reaction system for producing poly (o 1, 3 glucan), wherein said reaction system
comprises:
a) a first chamber that comprises an enzyme reaction solution comprising:
i) sucrose; and
i) at least one glucosyliransferase enzyme comprising a Streptococcus
salivarius GfJ enzyme; and
b) a second chamber, separated from the first chamber by a semi-permeable
membrane that is in contact with the enzyme reaction solution, wherein the semi-
permeable membrane is permeable to fructose, but impermeable to poly (o 1, 3 giucan)
and the glucosyltransferase enzyme, wherein the semi-permeable membrane has a
molecular weight cut-off from 12,000 {o 100,000 Daltons.

2. The reaction system of claim 1 wherein the enzyme reaction solution is maintained at
a temperature of from 20 °C to 25 °C.

3. The reaction system of claim 1 wherein the enzyme reaction solution further

comprises at least one primer.

4. The reaction system of claim 1 wherein the poly (a 1, 3 glucan) accumulates in the

first chamber to a concentration ranging from 30 grams per liter to 200 grams per liter.

5. The reaction system of claim 1 wherein the semi-permeable membrane is a dialysis

tubing.

15



6. The reaction system of claim 3 wherein the at least one primer is dextran.

7. The reaction system of claim 1 wherein there is absence of a primer in the enzyme
reaction solution.

8. The reaction system of claim 1 wherein more than one glucosyliransferase enzyme is
present in the enzyme reaction solution.
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