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ABST RACT

B acillus s ubtilis NA 1/ pKB1 with it s strong activity of cyclodextrin

glycosyltransferase(CGT ase) w as used for the production of cyclodextrin

(CD). T he enzyme w as purified by series of chromatographies or starch

adsorption method. T he purified enzyme exhibited it s maximum CGT ase

activity in the pH range of 6.0 ~7.0 and temperature range of 60C ~ 70C.

Immobilization of purified enzyme w as carried out using various

immobilizing materials such as Amberlite IRA - 900 and Diaion PA418.

T he immobilized enzyme exhibited it s maximum CGT ase activity in the

pH 6.0 and temperature of 60 C. Although the enzyme activity was high

with free enzyme, the activity of immobilized enzyme maintained more

than a month . Continuous culture was operated in fluidized bed reactor .

Free CGT ase activity w as remained 0.01 unit/ ml for 20day s . Immobilized

CGT ase activity was about 3.2 unit/ ml for initial3day s but that decreased
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to by 2.5 unit/ ml. After 30days, immobilized CGT ase activities decreased

rapidly to 0.3 unit/ ml. Continuous production of CD in fluidizedbed

reactor show ed maximalproductivity of immobilized CGT ase at a

relatively to optimal condition and substrate concentration . Productivity of

immobilized CGT ase w as maintained by about 1.2 g/ l more than free

CGT ase for 25 days . Optimal concentration of substrate w as 10%.

K ey w ord s : CGT ase, Immobilization , Amberlit e IRA - 900, Cyclodextrin ,

B acillus s ub.
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Ⅰ . IN T R O D U C T I O N

Cyclodextrin glucanotransfer ase (CGT ase) is a unique enzyme

capable of converting st arch and related substr ate into

cyclodextrin s (CDs ) possessing a hydrophilic out side and

hydrophobic centr al cavity . CDs are homogeneous cyclic

non- reducing oligosaccharides in which from 6- 12 glucose unit s

are joined by means of a - 1,4- glucosidic bond. Most of the

bacterial CGT ases produce mainly - CD, - CD and a trace amount

of - CD consisting of six , seven, or eight glucose units,

respectively [11]. Recently , these cyclic CDs have been widely

utilized in food, pharmaceutical, chemical, cosmetic and agricultural

industries because of their ability to form inclusion complexes with

wide variety of chemicals by partially encapsulating them into

their cavity , thereby altering the physical and chemical properties

of those compounds . T he bacterial CGT ase is a multifunctional

enzyme. Besides cyclization reaction that is the conversion of

st arch and related - 1,4- glucans into CDs through an

intramolecular tr ansglycosylation reaction, the enzyme also

catalyzes a decoupling reaction that is opening of the rings of CDs

and tr ansfer of the linear maltooligosacchrides formed to acceptors

and a disproportion reaction that is transfer of linear

maltooligosacchrides to acceptors through intermolecular



transglycosylation reactions . Also, the CGT ase possesses a

weak- hydrolyzing activity [8].

CDs are relatively stable molecules in comparison to the

corresponding linear maltooligosaccharides because of the absence

of reducing and non - reducing end glucose. In this work, the

CGT ase from B acillus sp .NA 1/ pKB1 w as adsorbed on Amberlite

IRA - 900 for the optimum conditions of CGT ase immobilization ,

such as the pH of the solution and the mixing ratio of the enzyme

to the Amberlite resin, were determined. St ability and activity of

the immobilized enzyme were also evaluated. T he effect of the

variation of operating conditions of the fluidizedbed reactor

containing immobilized CGT ase on the yield of cyclodextrin w as

investigated along with stability of the immobilized enzyme in a

fluidized bed reactor .

T his research will not only facilitate in the development of an

effective method for the immobilization of CGT ase but also

improve the process for the optimal product of cyclodextrin and

using CGT ase through immobilized enzyme system.



Ⅱ . M A T E R IA L S A N D M E T H O D S

1. M icroorg anis m and m aterials

B acillus sp . NA 1/ pKB1 w as obtained from Dongeui University

(Prof. B. K. Kim). Culture component s used soluble starch (1%,

DF co., USA ), polypeptone (0.5%, BD co., USA), yeast extract

(0.5%, DF co., USA ), dipotassium hydrogenphosphate (0.1%,

Katayama co., JAPAN), magnesium sulfate (0.02%, St . Louis ,

Sigma chem ., USA ) [1,9].

2 . Grow th conditions

Cell grown in slant culture w as inoculated to petridish and w as

grown 37 C. After 5 ml rest tube culture and the 50 ml culture

used carried out using 5 ml culture as an inoculum . T he cultures

were grown in 250 ml Erlenmeyer flasks each containing 50 ml of

sterile medium. Aliquot s were drawn periodically to assess the

growth of cell. T he cells obtained from the logarithmic phase of

the growth were used for the immobilization experiments .



3 . M eas urem ent s of CGT as e activ itie s

T he - CD synthesis activity w as ex amined by measurement of

liberated - CD by the methyl or ange method [10]. T he reaction

mixture (3ml), containing 600 l of 5% (w/ v ) soluble st arch in 50

mM sodium acetate buffer (pH 5.5) and 105 l of 1mM methyl

orange solution in 50 mM sodium acetate buffer (pH 5.5), 1,795 l

of 50mM sodium acetate buffer (pH 5.5) and 500 l of enzyme

solution, w as incubated at 40 or 60 for 5min . T he reaction

w as terminated by adding 150 l of 6N HCl at 16 . T he optical

density at 505nm w as measured. One unit of CGT ase activity w as

defined as the amount of enzyme, which released 1 mol of - CD

per min .

4 . Is olation of CGT as e

In this work, CGT ase w as purified from cell by gel

chromatography (DEAE sephadex G- 100, Sigma) and st arch

adsorption method. Starch adsorption and desorption methods show

Fig .1. After removed cell from culture broth, it is treatment

ammonium sulfate (30%) for an increase in st arch adsorption and

purification yield of gel chromatogr aphy . [4]



5 . Imm obilized of CGT as e u s ing A mberlite IRA - 900 and

Diaion PA 4 18

Amberlite IRA - 900 and Diaion PA 418, the strong basic anion

exchanger , w as w ashed with 0.5N HCl solution and 0.5N NaOH

solution to activatethe resin, and then suspended in 100ml of

10mM T ris - phosphate (pH6.0) for equilibr ation . T he mixing r atio

of the CGT ase to the resin in the buffer solution varied from 200

to 1,200 unit s of CGT ase per gram of resin .

6 . pH and therm al s t abilitie s of imm obilized CGT as e

T he pH stability w as investigated by measuring the residual

coupling activities of immobilized CGT ase and the free CGT ase in

various buffer solutions at 60 for 2h . T o measure the thermal

st ability of an enzyme, the residual activity w as measured after a

30 min pre- incubation at temper ature ranging from 40 to 100

[3].

7 . Operation of fluidized bed re actor

T he fluidized bed reactor w as set up with a w ater - jacketed

acryl column (14cm ID, 30cm height ), flow - rate controller , and

w ater bath . T he temper ature w as maint ained at desired



temper ature with thermostat (Fig . 2). T he acryl column w as

loaded with 20g of Amberlite IRA - 900 adsorbing 88.5 unit s of

CGT ase per gram of resin itself [6].

8 . A n aly tic al M ethods

- CD w as analyzed by HPLC system (HewlettPackard, Inc., Palo

Alto, USA): using Sugar - Pak column (Waters Associate Inc.,

Milford, USA) with acetonitrile/ w ater (67/ 35 as mobile phase at

the flow r ate of), 1.0 ml/ min, and RI detector . T he protein

concentration w as analyzed by the Br adford method [2,7].



F ig ure 1. T he protocol of st arch adsorption and desorption



F ig ure 2. Fluidized bed reactor using immobilized CGT ase



Ⅲ . R E S U L T S A N D D I S C U S S I O N

1. Optim al culture condition s for CGT as e production

In order to optimize conditions for the activity of CGT ase by the

B acillus s ubtilis NA 1/ pKB1, the activity of CGT ase by cell growth

the CGT ase w as produced in late stationary phase as shown in

Fig . 3 and the effect of pH on CGT ase production w as evaluated

and the optimum initial pH for the production of CGT ase w as pH

6.0 as shown in Fig .4. T he optimum temper ature for the

production of CGT ase w as 60 (Fig .5).

F ig ure 3. Fluidized bed reactor using immobilized CGT ase



F ig ure 4. Effect of temperature on CGT ase activity

F ig ure 5. Effect of pH on CGT ase activity



2 . Purific ation of CGT as e (g el chrom atog raphy and s t arch

ads orption m ethod )

T he crude CGT ase w as purified to homogeneity in two methods

gel chromatography and starch adsorption method. After CGT ase

purification using gel chromatogr aphy (T able.1) and st arch

adsorption method (T able. 2), T here are not many differences in

the CGT ase yield between starch adsorption and gel

chromatography method. In this study , st arch adsorption method

w as selected because of simplicity comparison to gel

chromatography and the similar yield of CGT ase activity . T he

purification protocol resulted in a pure protein giving a single band

on a SDS- PAGE gel (Fig .6). Starch adsorption and difference

purification methods were shown to same band.



Table 1. CGT ase purification using gel chromatography

Table 2. CGT ase purification using starch adsorption method

T ot al

v ol. (m l)

T otal

act iv ity (U )

A ct iv ity

(U/ ml)

Protein Conc.

(m g/ m l)

T otal

Protein

(m g )

Specific act iv ity

(U/ m g )

Culture broth 1500 19,875 13.25 40.59 60,885 0.33

Am m onium

sulfate
45 2,319 51.54 0.81 36.45 63.62

Gel

chrom atography
22.5 1,042 46.33 0.28 6.3 165.40

T ot al

v ol.

(ml)

T ot al

act iv ity (U )

A ct iv ity

(U/ m l)

Protein conc .

(m g/ ml)

T ot al

Protein

(m g )

Specific

act iv ity (U/ m g )

Culture broth 1500 19,875 13.25 40.59 60,885 0.33

Am m onium

sulfate
45 2,319 51.54 0.81 36.45 63.62

Starch

adsorpt ion
45 2,183 48.52 0.75 33.75 64.68

Phosphat e buffer 20.4 922 45.21 0.48 9.79 94.17



F ig ure 5. Electrophoretic analysis of the purification CGT ase

from B . s ubtilis NA 1/ pKB1.

A ; ammonium sulfate treatment , B; Ion exchange chromatography (DEAE

sephadex A - 25) C; Gel chromatography (DEAE Sephadex G- 1000), D;

Starch adsorption (1% Starch)

3 . Recov ery of CGT as e us ing st arch ads orption and



des orption m ethod betw een the number of ads orption and

des orption treatm ent

After the cell removed from culture broth, culture broth w as

treated with ammonium sulfate 30%(w/ v ) for the increase of

st arch adsorption yield [4]. 80% CGT ase w as adsorbed more than

by three times of st arch adsorption as shown in Fig . 7. In

CGT ase desorption, desorption reactions were carried out after

three times desorption reactions by the treatment by phosphate

buffer in three times (pH 6.0). CGT ase recovery yield w as over

80% (Fig .8). CGT ase w as purified simply and short time by the

st arch adsorption and desorption method comparing to different

purification methods such as ion exchange chromatography and gel

chromatography .



F ig ure 7. Adsorption rate of CGT ase using starch adsorption

method

F ig ure 8. Recovery rate of CGT ase using st arch desorption

method



4 . Optim al activ ity condition for compare im m obilized CGT as e

w ith free CGT as e

In order to optimize conditions for the immobilized CGT ase

using the two resins (Amberlite IRA - 900 and Diaion PA 418), T he

optimum condition w as determined with pH and temperature. T he

activities and st abilities of the free and immobilized CGT ases at

different pH ranged from 4.0 to 10.0 were measured and shown in

Fig .9. We found that the optimum pH and pH stability did not

change significantly even after immobilization from that of the free

enzyme. T hermal st abilities of the free and immobilized CGT ase

w as determined in temper atures ranged from 40 to 100 as

shown in Fig .10. It w as among the higher activity free CGT ase

(3.5 unit/ ml). It w as revaluated activity immobilized CGT ases

using the two resins (Amberlite IRA- 900 and Diaion PA418)

respectively , It w as high activity about 3.0 unit/ ml immobilized

CGT ase using Amberlite IRA- 900 better than Diaion PA418.

Immobilized CGT ase using anion resin not affect binding site of

enzyme and substr ate better than different immobilization methods .

For that reason, it makes little difference from free CGT ase

activity . Also, it w as known more high- immobilized CGT ase

activity using Amberlite IRA - 900 compare with immobilized

CGT ase activity using Diaion PA418. Immobilized CGT ase using



the two resins (Amberlite IRA- 900 and Diaion PA 418) with

strong ion charge and free CGT ase revaluated activity for about

120 hours on optimal condition (pH6.0, T emp. 60 ) (Fig .11.).

F ig ure 9. Effect of temper ature on immobilized CGT ase and

soluble CGT ase activity



F ig ure 10. Effect of pH on immobilized CGT ase and soluble

CGT ase activity

F ig ure 11. Immobilized CGT ase activity using various resins



5 . Continuou s production of cy clodex trin us ing im m obilized

CGT as e in f luidized- bed biore actor

Activity of immobilized CGT ase by continuous reaction and

productivity of cyclodextrin from immobilized CGT ase were studied

in fluidized bed bioreactor . T he immobilized CGT ase w as reused at

2days interval in fluidized bed reactor s (Fig .12). Immobilized

CGT ase reused by filter set (Whattman filter #4) after oper ated on

bioreactor . Immobilized CGT ase w asalso found a high degree of

efficiency in the collection of enzyme aspect . In case of

design - immobilized bioreactor , it will design process have

economical efficiency as soon as high reuse yield of enzyme

including withdr aw yield of enzyme.

T he continuous operation of a fluidized bed bioreactor for 30

days with immobilized CGT ase using Amberlite IRA- 900 is shown

in Fig .13. Immobilized CGT ase and free CGT ase wereoperated for

about 30 days on same condition (T emper ature: 60C. pH : 6.0).

Substr ate feeding r ate w as 200ml/ day and dilution rate w as

200ml/ day . In this work, Immobilized CGT ase activity w as about

0.25 unit/ ml for initial 3days , and decreased to the enzyme activity

of 0.17 unit/ ml and maintained the activity until 30days similar to

free enzyme. Free CGT ase activity w as remained 0.01 unit/ ml for

20days . Immobilized CGT ase activity w as remained longer than



free CGT ase activity for 35days . Free CGT ase activity w as

decreased to because w ash out effect on bioreactor . But ,

immobilized CGT ase activity w as remained on bioreactor because

possible reuse of enzyme.

Productivity of immobilized CGT ase w as maintained by about

1.2 g/ l more than free CGT ase for 25 days (Fig .14). Main product

making cert ain of the - CD by HPLC for identify product

produced on the bioreactor using immobilized CGT ase (Fig . 15).

Fig .16 show s the effect of variation of the substr ate concentration

from 1.0 to 15%(w/ v ) on the productivity of the fluidized bed

reactor containing immobilized CGT ase. T he cyclodextrin

production by immobilized CGT ase in the fluidized bed reactor

w asalso dependent on the substrate concentration . Optimal

concentration of substrate w as 10% and productivity w as about

1.17 (g/ l/ day ). In case of over about 10% substrate concentr ation ,

a substrate inhibition w as observed.



IⅤ . A C K N O W L E D G E M E N T S

본 논문이 완성되기까지 부족한 저에게 많은 가르침을 주신 김성구

교수님께 고개 숙여 감사 드립니다. 또한 관심을 아끼지 않으셨던 공

재열 교수님, 홍용기 교수님, 이형호 교수님, 김중균 교수님, 박남규

교수님께 감사 드립니다.

실험실 생활에 항상 의지가 되어주셨던 김미령 박사님, 서재관 선배

님, 그리고 지금까지 실험실에서 저와 함께 했던 김영화 선배님, 이지

현, 서효진, 임성미, 김상규, 김현진, 김지현에게도 감사 드립니다. 그

리고 9호관에서 실험했던 다른 실험실의 대학원생들과 학부생들에게

도 감사 드립니다. 그리고 항상 따뜻하게 저를 반겨주고 개인적으로

많은 도움을 준 이은미, 최현석, 강정호, 최해철에게도 고마움을 전합

니다.

끝으로 저를 건강하게 키워주시고 뒷바라지 해주신 아버지, 어머니

께 진심으로 감사 드립니다.
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