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Immobilization of Cyclodextrin Glucanotransferase for Production of 2-0-¢-D-glucopyranosyl L-
Ascorbic Acid. Sung, Kyung-Hye, Sung-Koo Kim', Kyung-Lib Jang, and Hong-Ki Jun*. Division of Bjo-
logical Science, Pusan National University, Busan 609-735, Korea. 'Faculty of Food Science and Biotechnology,
Pukyung National University, Busan 608-737, Korea — Cyclodextrin glucanotransferase (CGTase) from Paeniba-
cillus sp. JB-13 was immobilized on various carriers by several immobilization methods such as ionic binding,
covalent linkage and ultrafiltration to improve the process performance. The ultrafiltration and covalent linkage
with CNBr-activated sepharose 4B were found as the best method for immobilization of CGTase. The ability of
CGTase immobilization onto CNBr-activated sepharose 4B was as high as 18,000 units/g resin when the conditions
was as follows: contact time 9 hrs at 37°C, pH 6.0, 100 rpm and enzyme loading 24,000 units/g resin. The optimum
conditions for production of 2-O-0-D-Glucopyranosyl L-Ascorbic acid by immobilized CGTase turned out to be:
pH 5.0, temperature 37°C, 20% substrate solution containing 8% (w/v) of soluble starch and 12% (w/v) of L-ascor-
bic acid sodium salt, 100 rpm, for 25 hrs and with 800 units of immobilized CGTase/ml substrate solution. More-
over the CGTase activity could be stably maintained for 8 times of repetitive reactions after removing products by
ultrafiltration through YM 10 membrane.
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Fig. 1. Comparison of immobilization ability of CGTase on
various matrices and 2-0-0-D-Glucopyranosyl L-Ascorbic acid
(AA-2G) production yield of immobilized CGTase. CGTase
were immobilized and incubated at 37°C for 24 hrs in the reaction
mixture containing 2% (w/v) of soluble starch and 3% (w/v) L-
ascorbic acid sodium salt. AA-2G production yield is percent of
AA-2G produced by immobilized CGTase compared to that by
free CGTase with same enayme units. DEAE-s, DEAE-Sephadex
A 50; Dowex, Dowex 1x8; IRA-96, Amberlite IRA 96; CM-s,
CM-Sephadex C 50; IRC-50, Ambertite IRC 50; CNBr-4B, CNBr-
sepharose 4B.
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Fig. 2. Effect of reaction time on immobilization ability of CGTase
on CNBr-activated sepharose 4B. 1 ml of CGTase were incu-
bated at 37°C for each time with 0.2 g of CNBr-activated
sepharose 4B that were equilibrated at 37°C for 30 min with 1 ml
of 50 mM sodium citrate buffer (pH 6.0), and immobilization abil-
ity of CGTase were measured.
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Fig. 3. Effect of the mixing ratio of CGTase and CNBr-acti-
vated sepharose 4B on immobilization ability. Various amounts
of CGTase ranging from 400 to 5,600 units of CGTase were incu-
bated at 37°C for 24 hrs with 0.2 g of CNBr-activated sepharose
4B that were equilibrated at 37°C for 30 min with 1 ml of 50 mM
sodium citrate buffer (pH 6.0), and immobilization ability of
CGTase were measured. -@-, Immobilization ability; -0-, Adsorp-
tion yield.
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Fig. 4. Effect of pH on production of AA-2G by immobilized
CGTase. Reaction was carried out for 24 hrs at 37°C and various
pHs in the reaction mixture containing 2% (w/v) of soluble starch
and 3% (w/v) L-ascorbic acid sodium salt. -@-, Immobilized
CGTase in sodium citrate buffer; -B-, Immobilized CGTase in
phosphate buffer.
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Fig. 5. Effect of temperature on production of AA-2G by immobi-
lized CGTase. Reaction was carried out for 24 hrs at various tem-
peratures in the reaction mixture containing 2% (w/v) of soluble
starch and 3% (w/v) L-ascorbic acid sodium salt (pH 5.0). AA-2Gs
were hydrolyzed by 20 units of glucoamylase at 55°C, for 24 hrs.
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Fig. 6. Effect of substrate ratio on production of AA-2G by
immobilized CGTase. Reaction was carried out for 24 hrs at 37°C
in the reaction mixture containing 20% (w/v) of substrate (pH 5.0)
with 1,000 units of immobilized CGTase. AA-2Gs were hydro-
lyzed by 20 units of glucoamylase at 55°C for 24 hrs.

not shown). welA 2 T2 3} CGTase®] AA-Na/soluble
starch®] #A 12 322 AAST o] Fe] Ao HLsi).

714 %7} A3 CGTase?] AA-2G Aol m)x|= o
kS 2A)e)7] 98, AA-Na/soluble starch &} E3MW|E 3:2
2 AT F, 71A-e] Y} s EE 5, 10, 15, 20, 25%E
Blo] Z47ke] AA-2G 559 AAdl tiEF AA2G IS
ZA5190e}. fre] CGTase?}t 71389 5% 15%A 7 =
2 AA-2G A 3H&-5 ¥<l vb#(data not shown), 14 3}
CGTase®| 73-7-5 20%9] 7]1A FEollA AA-2G3} Z &
Fo| File] g3 om 713 FE 25%lAME AA-2G A
g w3t Zhasledeh(Fig. 7). Wb 2 243} CGTased] &
A 714 FEr 20%2 AR

30 F 1s
é Lr S
~ N
= 44 <
2 =
s 20r 2
=] S
5 {3
5] k=]
2 s
Q
< 1, &
N Q
§ —@— AA-2G concentration

5k ~{ Conversion yield 41

1 1 1 1 1

S 10 15 20 25

Substrate concentration (%)

Fig. 7. Effect of substrate concentration on production of AA-
2G by immobilized CGTase. Reaction was carried out for 24 hrs
at 37°C and various substrate concentration with 1,000 units of
immobilized CGTase and the mixing ratio of AA-Na to soluble
starch was fixed as 3:2 (w/w). AA-2Gs were hydrolyzed by 20
units of glucoamylase at 55°C for 24 hrs.
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Fig. 8. Effect of reaction time on production of AA-2G by
immobilized CGTase. Reaction was carried out for each time at
37°C in the reaction mixture containing 8% (w/v) of soluble starch
and 12% (w/v) L-ascorbic acid sodium salt. AA-2Gs were hydro-
lyzed by 20 units of glucoamylase at 55°C for 24 hrs.
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Fig. 9. Effect of enzyme concentration on production of AA-2G
by immobilized CGTase. Reaction was carried out for 25 hrs at
37°C in the reaction mixture containing 8% (w/v) of soluble starch
and 12% (w/v) L-ascorbic acid sodium salt with various concentra-
tion of immobilized CGTase. AA-2Gs were hydrolyzed by 20
units of glucoamylase at 55°C for 24 hrs.

o] 714 8N (50 mM sodium citrate buffer, pH 5.0) 3 ml
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Fig. 10. Effect of recycling of immobilized CGTase on AA-2G
production yield. Reaction mixtures containing 8% (w/v) of solu-
ble starch, 12% (w/v) L-ascorbic acid sodium salt, 800 units/ml
immobilized CGTase were incubated at 37°C for 25 hrs in the
presence (@) or absence () of 0.015 mM CaCl,. AA-2Gs were
hydrolyzed by 20 units of glucoamylase at 55°C for 24 hrs.

A7VEA] ke 79 143} CGTase AHAEA -2 43]71%]
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[5]. £ ATFolME g9 AHE o] 83led CGTase2] 12343}

Table 1. Comparison of AA-2G production yield according to recovery times and membranes

NMWLY: 10,000

NMWLY: 30,000

The number of times -
AA-2G concentration (mg%)

Yield? (%)

AA-2G concentration (mg%) Yield® (%)

0 4941
1 63.67
2 62.85
3 53.31
4 49.19
5 38.19
6 29.55
7 27.58
8 25.07
9 17.29
10 12.09

100 49.10 100
128.86 61.63 125.52
127.20 37.38 76.13
107.89 31.81 64.79
99.55 2995 61.00
77.29 24.67 50.24
59.81 11.28 22.97
55.82 7.93 16.15
50.74 3.19 6.50
33.99 - -
24.47 - -

Y Nominal Molecular Weight Limit

) Yield=(Each time concentration of AA-2G/Initial concentration of AA-2G)x100(%)
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