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Purification and Characterization of Cyclodextrin Glucanotransferase
Excreted from Newly Isolated Alkalophilic Bacillus circulans

Shin, Hyun-Dong, Sang-Ho Lee and Yong-Hyun Lee*

Department of Genetic Engineering, College of Natural Sciences, Kyungpook National University,
Taegu 702-701, Korea

An alkalophilic Bacillus circulans that can produce significant amount of cyclodextrin
glucanotransferase (CGTase) was newly isolated from soil. The culture filtrate was successively purified
by (NH,),SO, precipitation, DEAE-Sephadex column chromatography, and Sephadex G-100 col-
umn chromatography. The enzymatic properties, including molecular weight, optimal pH and
temperature, stability, and kinetic parameters, were determined. The cyclodextrin synthesis reaction
catalized by the purified CGTase was also studied. The sweet potato and corn starch were found
to be the most suitable substrates with 60% conversion to cyclodextrin. The highest conversion was
achieved at the CGTase concentration of 900-1,100 units/g of soluble starch. The purified CGTase
could also catalize the transglycosylation on stevioside.
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Fig. 1. Photograph (A) and photomicrograph (B) of
CGTase producing alkalophilic Bacillus circulans.
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Table 1. Morphological, cultural and biochemical
characteristics of the CGTase producing alkalophilic
microorganism.

1. Morphological characteristics

Form Rods
Size 0.53umx2.1-3.2um
Motility Motile
Gram stain Positive
Spore Central
2. Cultural characteristics
Nutrient broth +
Glucose nutrient broth ++
Anaerobic growth +
Medium I and II ++
Glucose-asparagine agar +

Medium I containing 10% NaCl + +
3. Biochemical characteristics

Hydrolysis of gelatin and casein Positive

Hydrolysis of starch Positive
Utilization of citrate Utilized
Catalase test Positive
Nitrate reduction Reduced
Voges-Proskauer test Negative

4. pH and temperature
pH for growth in medium II pH 7.5-11.0
Temperature for growth in up to 45°C

medium II (pH 10.3)
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Fig. 2. Time course of CGTase production by Bacillus
circulans in 2.5L jar fermentor; 30°C, 300 rpm,

1.0 vvm.
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Fig. 4. Polyacrylamide gel electrophoresis patterns of

S0.15f 16 @ the crude enzyme (A) and the purified CGTase (B).
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Fig. 3. Gel filtration of CGTase on a Sephadex G-100
column (3.2 x 98 cm); 50 mM Tris-HCl buffer (pH 8.5),
18 mL/hr.
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Table 2. Purification of the CGTase of alkalophilic Bacillus circulans.

Purification ste Total activity = Total protein Specific activity Purification Yield of
P (units) (mg) (units/mg) fold activity (%)
Crude enzyme 1105 93.5 11.8 1.0 100
(NH,),SO, precipitation 975 21.0 46.0 4.0 88
DEAE-Sephadex A-50 390 3.5 111.0 9.6 35
Sephadex G-100 299 0.9 332.2 28.1 30
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Fig. 5. Effect of pH on the activity (@-® ) and stabili-
ty (0-0) of the CGTase.
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Fig. 6. Effect of temperature on the activity (®-® ) and
stability (O-0) of the CGTase.
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Fig. 7. Substrate specificity of CGTase for cyclodextrin formation; substrate concentration 1.0% (w/v), pH

6.0, 50°C, 24 hr.
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Fig. 8. High performance liquid chromatography of the

cyclodextrins produced after 24 hr of incubation (up-

per) and time course of cyclodextrin formation (lower);

soluble starch 2.5% (w/v), pH 6.0, 50°C.
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Fig. 11. High performance liquid chromatography of
the transglycosylated steviosides without CGTase (A)
and with 2units of CGTase (B) from alkalophilic
Bacillus circulans; Peak 1, stevioside: Peak 2,
rebaudioside: Peak 3, glucose: Peak 4, 5, 6, 7 and 8,
the transglycosylated steviosides.
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Table 3. Transglycosylation of stevia from various
donors to stevia as an acceptor (A; stevioside, B;
rebaudioside),

Concentration Degree of conversion
Donor

(mg/mi) (A) (B)
None 0 0 0
Soluble starch 50 88 25
Glucose 50 0
Maltose 50 0
Maltotriose 50 75 13
Maltotetraose 50 75 44
Sucrose 50 22 13

(Stevia concentration; 50 mg/ml)

EcozRe drlze CGTase & #¥lshe 3%
ZejA wAEE Teside, 4 A Bacillus
circulans = HZHAS, wiokd F9 CGTase &
ammonium sulfate A%, DEAE-Sephadex =23
Sephadex G-100 column chromatography 2 &g},

AAsted wd wA band & Aorh AAH
CGTase & #A}3k2 <F 93000, & pH$} &5+

6.0, 50Cg e, pHel &=ty 4L 55-—11,65C
A el, Soluble starch & 7122 @ W] V9
Kn%ke 27 0.16 gmole 8-CD/min, 14.3 mg soluble
starch/m/l ©| ¥ 24 A17F w-EHe @-. g-1 y-CD
o AUl 1:81:1984 g-CDE $AHo=
gAdstdet, 7148 E glucose 9 maltose = AHEEHR
< ul CD#A Lol glgior, sweet potato 28]
I corn starch & AH8-5t4S o 714 =€ CD¥A
25 2od, o= £F oY g CGTase
A71AFA e a-CD Al F43% F7ksiadch, =38
A% CGTase & stevioside ol 22} FAo]4E Z
I 39t
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