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Immobilization of Cyclodextrin Glucanotransferase and Its Reaction Characteristics Regarding
Transglucosylated Stevioside Production. Man-Jin In*, Dong Chung Kim, Hee Jeong Chae,
Kyung Seok Choi and Min-Hong Kim. R&D Center, Miwon Co. Ltd., Ichon 467-810, Korea -
For the continuous production of transglucosylated steviosides, cyclodextrin glucanotransferase from Ba-
cillus macerans was immobilized onto Diaion™ HPA 75 (styrene-divinylbenzene resin) that was screened
from ion exchange resins, synthetic adsorbents and chitosan derivatives. The parameters influencing en-
zyme immobilization were examined in order to maximize the activity of immobilized enzyme. The op-
timum conditions for immobilization tumned out to be: contact time 2 hr at 30C, pH 6~9, and enzyme
loading 20 mg protein/g resin at 4.4 Os/Kg as osmolarity. Competing with other molecules having low
molecular weight, enzyme was immobilized reversibly. The activity of immobilized enzyme was as high
as 180 U/g resin when the diafiltrated solution of stock enzyme was used. The optimum conditions for
transglucosylation were as follows: pH 6.0, temperature 50°C, 30% substrate solution composed of 15%
stevioside mixture and 15% dextrin of which value of dextrose equivalent was about 9.0.
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Table 1. Activities of immobilized enzyme on various matrices
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Classification Types Commercial name Activity of immobilized enzyme (unit/g-resin)
Adsorption Diaion HP 20 31
Diaion SP 207 13
Amberlite XAD 7* 19
Strong cationic Mmacroporous Diaion HPK 25 0

Strong anionic gel Diaion SA 12A

porous Diailon PA 312 14
Diaion PA 412 8
Dowex MSA 2 7
MAaCcTOPOTOUS Diaion HPA 25 45
Diaion HPA 75 34
Weak anionic Diaion WA 20 4
Diaion WA 30 23
macroporous Duolite A 378 46
Chitosan Chitopear] BCW 2503 40
BCW 2603 11
BCW 3003 32
BCW 3503 47

*acry]l backbone; other resins except chitosan of styrene backbone. Experimental conditions for immobilization were described in Ma-

“terials and Methods.



2l Chitopear]™(Fuji SpinningAl, Y¥)e] 45 73
FHel= sHo| Ny, ey F3rR|(Diaion
HP 20)= &HH]| Ao =2 A Ao Fo] ARG-H = 53]
2 7|A 5 2dp| Ao | =o) FAtsHA A S E4
7} HEAEBRE 2P| A | EE 7| A RS HEg-ell 4]
TA 3} FA R ALS-slr] Fabksbedc}. =8 Chitopearl™
< A4 2R Fo4, VAR LE o3ta v E
of 9Jsle] RAE 4 glome BAsigr}(16). o)L
WEpR] = A S GAH R AfARRe] fold)ar, v A S
ofste] Fal=]=] oA, WstAde] 3t AF o]
ot} wetd B dFeAe Sol&ag2] Q] Diaion™
HPA75(Mitsubishi ChemicalAl, Y&)5 JA &2 A3}
ot} o] FAll= styrene-divinylbenzene resin® & i4
DA Fol] AR thF3 2] Ao (17), B-galactosid-
ase2} fructosyltransferase®] A 3lelx 33 A
& Hazef glri(15, 18).

JESE 20| F| &S]

o] 2R ol] FAE FA 3T Qle 4GS Fe
Izl Z+ A8 A7), pH, A 23 (protein loading),
o] 24 A&el Fx Fol vk IR AN whAle] S
AlZbel] b A3 42 BAIHSEE 30TAdlA] &3
A3} ok 2x|7ke] s P 0|2 FHLFE HlF
A7l 1A 3} A7k 2217k A eHTFag. 1), 33
of Eedl= A7 B4 EFol wet Folr) 9lem,
of| 24 B-galactosidase® Diaion HPA 75¢l| A 35l
739~ ¢F 3417}, penicillin acylase’S Amberlite XAD 7]
A 3SR A= oF L000E 22 HwEle] loi(15, 19).

8-l Ake] pHell ule} el e) 2437 dejr| =z
o|2AYLE vA 5= 75 pHe A3} e o
sk Ful #A-e] A3t pHE 27| #38)e] pH 4~
114919 k&N (pH 4~5, citrate buffer; pH 6~7,

100

+ &) o
- < O

(U/g resin)

Activity of immobilized enzyme
N
o

0 z 1 i 1 t z‘ 1
g 50 100 150 200 250 300 350 400

Immobiiization time (min)

Fig. 1. Time course of cyclodextrin glucanotransferase im-
mobilization. Crude enzyme(150 ml) was mixed with Diaion™
HPA 75(3 g) and incubated with shaking (150 rpm) at 30 °C.
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Fig. 2. Effect of equilibrinm pH on the activity of immobi-
lized cyclodextrin glucanotransferase (@—€@) and on the
protein adsorption (O—O).

Diluted enzyme (30 ml) in 50 mM buffers (pH 4~35, citrate buff-
er;, pH 6~7, phosphate buffer; pH 8~9, Tris-HCI] buffer; pH
10~ 11, glycine-NaOH buffer } was mixed with Diaion’" HPA
75 and incubated with shaking(150 rpm) for 2 hr at 30°C.



25

Eﬁﬂw
o _ <
H ® §
=} o
2 80 |- 5
R 15 §
$ -
E E
%40— %
3 13
E ®
: :
e et
;"—g‘mf‘f 15 B
B 2
<

0 1 | : i 0

0 20 40 60 80

Protein loading (mg protein/g resin)

Fig. 3. Effect of protein loading on the activity of immobi-
lized cyclodextrin glucanotransferase (@—@) and on the
protein adsorptien (O—O) before the ultrafiltration of en-
zyme solution.

Immobilization conditions were the same as in Fig. 2 except that
different amounts (1~30 ml) of stock enzyme were diluted with
distilled water to 50 ml. Osmolarity, protein concentration and
activity of stock enzyme solution were 4.36 Os/Kg, 5.5 g/l and
175 U/ml, respectively.
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Fig. 4. Effect of protein loading on the activity of immobi-
lized cyclodextrin glucanotransferase (@—@) and on the
protein adsorption ((O—(C) after the ultrafiltration of en-
zyme solution.

Immobilization conditions were the same as in Fig. 2 except that
different amounts (1~30 ml) of stock enzyme were diluted with
distilled water to 50 ml. Osmolarity, protein concentration and
activity of stock enzyme solution were 0.34 Os/Kg, 1.9 g/ and
63.7 U/ml, respectively.
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Table 2. Effect of the dextrose equivalent of dextrin on the
conversion of stevioside

Average dextrose equivalent Conversion (%)

9 81.1
15 51.0
20 49.8

Immobilized enzyme (1 g) was incubated in 50 ml of substrate
solution (20% stevioside mixture+20% dextrin, pH 6.0) at 47°C
for 15 hr.
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Fig. 5. Effect of stevioside concentration on transglucosyl-
ation initial reaction rate of immobilized cyclodextrin glu-
canotransferase.

The ratio of stevioside mixture and dextrin in the substrate solu-

tion was 5:5 (@—@) and 3:7 ( O—()), respectively.
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Fig. 6. Effect of dextrin concentration on the conversion of
stevioside.

Immobilized enzyme (3 g) was incubated with 40% substrate
solution (50 ml) for 24 hr at 47°C. Closed bar, DE=15; Open
bar, DE=9.
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