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Production of 2-0-0-p-Glucopyranosyl L-Ascorbic Acid by Cyclodextrin Glucanotransferase from
Paenibacillus sp. JB-13. Bae, Kyung-Mi, Yong Kang, and Hong-Ki Jun*. Division of Biological Sciences,
Pusan National University, Pusan 609-735, Korea — Paenibacillus sp. JB-13 producing the cyclodextrin glucan-
otransferase (CGTase) [EC 2.4.1.19] that glucosylated ascorbic acid (AA) at the C-2 position was isolated from soil
and the optimal conditions for the production of 2-0-c.-p-Glucopyranosyl L-Ascorbic acid (AA-2G) with CGTase
were investigated. CGTase produced AA-2G efficiently using dextrin as a substrate and AA as an acceptor. Several
AA-2-oilgosaccharides (AA-2Gs) were also produced in this reaction mixture, and these were efficiently hydro-
lyzed to AA-2G and glucose by the treatment with glucoamylase. The optimal temperature for AA-2G production
was 37°C and the optimal pH was around 6.5. CGTase also utilized o, -, v-CDs, soluble starch, corn starch, dia-
static solution from rice and diastatic solution from malt as substrate, but not glucose. The reaction mixture for the
maximal production of AA-2G was following; 15% total substrate concentration, 2,500 units/ml of CGTase and a
mixing ratio of 3 : 2(g of AA : g of dextrin). Under this condition, 56 mM of AA-2G, which corresponded to 12.4%
yield based on AA, was produced after incubation for 44 hrs at 37°C and pH 6.5.
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Fig. 1. Glycosyl donor specificity for 2-0-o-p-glucopyranosyl
L-ascorbic acid production.

Reaction mixture consisting of 3.0%(w/v) of ascorbic acid, 7.0%
(w/v) of glycosyl donors, and 2,000 units/ml of CGTase was incu-
bated at 45°C, pH 6.0, for 24 hrs. AA-2Gs were hydrolyzed by 20
units of glucoamylase, and HPLC analysis was done with p
Bondapack Cjy column. ¢, o-CD; B, B-CD; v, v-CD; G, glucose;
G2, maltose; G3, maltotriose; D, dextrin; PS, gelatinized potato
starch; CS, gelatinized corn starch; S5, soluble starch; S, hydro-
lyzed starch; DM, diastatic solution from malt; DR, diastatic solu-
tion from rice. [, only CGTase; B , glucoamylase treatment.
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Fig. 2. Effect of pH on the production of 2-0-¢t-p-glucopyrano-
syl v-ascorbic acid by CGTase from Paenibacillus sp. JB-13.
Reaction was carried out for 24 hrs at 45°C and various pHs in the
reaction mixture comntaining 7% (w/v) of dextrin, 3% (w/v) of AA
and 2,000 units/ml of CGTase. AA-2Gs were hydrolyzed by 20
units of glucoamylase for 24 hrs at 55°C.
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Fig. 3. Effect of substrate ratio on the transglucosylation to L-
ascorbic acid. Reaction mixture was consisted of 10% (w/v)
substrate.

AA and dextrin were incubated with 2,000 units/ml of CGTase at
45°C, pH 6.5, for 24 hrs. AA-2Gs were hydrolyzed by 20 units of
glucoamylase for 24 hrs at 55°C.
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Fig. 4. Effect of the substrate concentration on the transgluco-
sylation yield and production of 2-0-o-p-glucopyranosyl L-
ascorbic acid in the CGTase reaction system.

@: AA-2G concentration; O: conversion yield

The reaction was performed under the same conditions as Fig. 4
except for the substrate concentration. The mixing ratio of AA to
dextrin was fixed as 3 : 2 (w/w).
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Fig. 5. Effect of enzyme concentrations on the production of 2-
0-0-p-Glucopyranosyl L-ascorbic acid by CGTase from Paeni-
bacillus sp. JB-13.

Reaction was carried out for 24 hrs at 45°C in the reaction mix-
ture containing 2,000 units/ml of CGTase, 90 mg of AA and 60mg
of dextrin (pH 6.5). AA-2Gs were hydrolyzed by 20 units of glu-
coamylase at 55°C for 24 hrs.
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bition FAke] o3 958 AA-2G AAFEke] ApAge of
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Fig. 6. Effect of temperature on 2-0-g-p-glucopyranosyl -
ascorbic acid production on the absence and the presence of
15 mM CaClz.

Reaction mixtures containing 90 mg of AA, 60 mg of dextrin, 2,500
units/ml of CGTase were incubated at various temperatures for 24
hrs in the presence (O) and absence (@) of CaCl,. AA-2Gs were
hydrolyzed by 20 units of glucoamylase at 55°C for 24 hrs.
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Fig. 7. Effect of various buffers on the production of 2-0-0-»-
glucopyranosyl v-ascorbic acid by CGTase from Paenibacillus
sp. JB-13.

Reaction was carried out for 24 hrs at 37°C in reaction mixture
(pH 6.5) containing 15% (w/v) of substrate concentration, 9% (w/
v) of AA, 6% (w/v) of dextrin, 2,500 units/m! CGTase and 15 mM
CaCla. A, Distilled water; B, Sodium acetate buffer; C, Sodium
citrate buffer; D, Sodium succinate buffer; E, Phosphate buffer.
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Fig. 8. Time course of 2-0-u-p-glucopyranosyl L-ascorbic acid
production with the CGTase from Paenibacillus sp. JB-13.
Reaction was carried out at 37°C in reaction mixture containing
9% (w/v) of AA, 6% of dextrin, 15 mM CaCl, and 2,500 units/ml
of CGTase (pH 6.5). AA-2Gs were hydrolyzed by glucoamylase at
55°C for 24 hrs. Symbols are the same as Fig. 6.
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Fig. 9. Effect of the use of commercial glucoamylase from
Rhizopus mold for 2-0-o-p-glucopyranosyl r-ascorbic acid
production.

Reaction was carried out for 24 hr at 37°C in the reaction mixture
containing 9% (w/v) of AA, 6% (w/v) of dextrin, 2,500 units/ml
of CGTase and 15 mM CaCl, (pH 6.5). AA-2Gs were hydrolyzed
by various concentrations of glucoamylases at 55°C for 24 hrs.
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Fig. 10. Time course of commercial glucoamylase from Rhizo-
pus mold for the production of 2-0-0¢-p-glucopyranosyl 1-
ascorbic acid.

Reaction was carried out at 37°C for 24 br in the reaction mixture
containing 9% (w/v) of AA, 6% (w/v) of dextrin, 2,500 units/ml
of CGTase and 15 mM CaCl,. AA-2Gs were hydrolyzed by glu-
comylase from Rhizopus mold at 55°C and analyzed by HPLC
with pBondapack Cig cohmmn.
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AA2G FAAEY o]= glucoamylaseo] )8 Ea}H
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