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Production of cyclodextrin from starch by cyclodextrin
glycosyltransferase from  Bacillus firmus and characterization of
purified enzyme
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During screening for cyclodextrin-forming microorganisms, an alkalophilic Bacillus sp, which produced high activity
of cyclodextrin glycosyltransferase, was isolated and identified as Bacillus firmus . The crude enzyme transformed
starch to mainly B-and +y-cyclodextrin. The purified enzyme had an optimum pH of 7.5-8.5 and its optimum tempera-
ture was 65 °C, which is the highest optimum temperature as compared to other cyclodextrin glycosyltransferases
except that produced by  Bacillus amyloliquefaciens
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Introduction extract, 0.1% KHPQ,, 0.02% MgSQ-7H,0, 1% NgCO;

0, i 0,
Cyclodextrins are cyclic oligosaccharides that consist of GSZFharlaé?gn ae“;‘r’%aﬁ%} ao'grs ;;1 dﬂﬂiﬂgﬁghhﬁg?toi'01@
7, and 8p-glycosyl units united by-1,4-glucosidic link- -ty 9¢ 70 89
ages and are designated as, B-, or y-cyclodextrins onies producing enzyme formed clear zones on the plate.
[4,20,21]. The center of cyclodextrins are relatively apolar-rhlfy were (tjr_ansfgrrted j[t(;]slatnt ﬁulturlers]t(r:]orlwtaining dthe Stf]‘”re
e i . culture medium but without phenolphthalein and methy
cavities and therefore, the cavities are hydrophobic. Thus . . . . i
cyclodextrins easily form inclusion complexes with organicorange' The isolated strains were inoculated into 50-ml

and inorganic compounds. This property of cyclodextrinscomcal flasks containing 20 ml of the basal culture medium

can be utilized for medicine, cosmetics and foods [7119]ml:go;tegi\c]aazl.v:rf;e::ecﬁtlﬂﬁtgg ,?Ot ‘zﬁ;&r szudgﬁ,a'zgﬁtcurll_ases
Cyclodextrins are produced from starch by cyclodextrin 9 P P

glycosyltransferase (EC 2.4.1.19) and the proportions-of W:t:(\:/?[ were examined for cyclodextrin glycosyltransferase
B-, and y-cyclodextrins are dependent on the sources of* Y-

microbial cyclodextrin glycosyltransferase [3,5,19]. Only L .

a- and B-cyclodextrins are produced on an industrial ScaleDeterm/nat/on of cyclodextrin glycosyltransferase

; y ; ; . “activity
ggi?r?nszI())/E:I(?;/;I/Ii/rlngssfeorfa?e/C[lgg]e xtrin by microbial cyclo The enzyme activity was determined by mixing 0.1 ml of

. . 0 o
The objective of this research was to isolate new strain he enzyme solution with 0.9 ml of 2% starch solution in

; ; : 0 mM Tris-HCI buffer, pH 8 and incubating the mixture
of cyclodextrin glycosyltransferase-producing micro- L .
organisms from nature, to select one strain which produce t65C for 1 h. The enzyme activity was stopped by adding

. L . .1 ml of 0.5N HCI and the mixture filtered through a
the highest activity of the enzyme for the production of . X )
cyclodextrins and to study some of the characteristics o illipore HA membrane (pore size, 0.4m) and the quan

the purified cyclodextrin glycosyltransferase from the tties ?f cyclodextrins If ocrjmed_ wfere a_malyze_d_by_HI;L}E_:. (()jne
microorganism. unit of a-, B- or y-cyclodextrin-forming activity is define

as the amount of enzyme forminguinole of the respective
cyclodextrins per min per ml of enzyme solution, or per
Materials and methods mg of proteins.

Microorganisms

Cyclodextrin  glycosyltransferase-producing  microorg-
anisms were isolated using the method described by Par
et al [16]. Approximately 1 g of soil samples from rice, . _
corn, potato and tapioca fields were suspended in 10 ml uor (v/v), 0.1% IGHPQ, 0.02% MgSQ7H,0 and 1%

sterilized water and one drop of the suspension was inocué iztgt?osn 'gtc lig%“rn?nth?hgﬁlttw: c?,ltltj?e ]\C/(v);szucsj?c/isa\;witrr:ocu-
lated onto a plate containing a basal culture medium coml-g pm.

- m for a 1-L mini-fermentor (New Brunswick Co, Edison,
prised of 1% soluble starch, 0.5% peptone, 0.5% yeas't:‘], USA) containing 900 ml(of the same culture medium

and 2 ml of corn oil as an anti-foam agent, and fermented
Correspondence: YK Park, State University of Campinas, College of Footf7lt 35 or 40C with agitation at _20(,) rpm and aeratlon, of
Engineering (UNICAMP), Campinas, SP, CEP 13081-970, Brazil 1 vvm. Samples were taken periodically for the analysis of
Received 6 January 1997; accepted 20 March 1997 cell growth and enzyme activities.

Production of the enzyme
he selected strain was cultivated in 50 ml of a modified
ulture medium consisting of 1% starch, 5% corn steep
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35°C Analysis of cyclodextrins

Cyclodextrins were analyzed by HPLC with a differential

refractometer detector (IR) and YMC-Pack polyamine-I|

column. Samples were applied to the column after a mem-

brane filtration (MW cut-off YM 30= 30000 MW). The

mobile phase was acetonitrile : water (75 : 25 v/v) with a

flow rate of 1 ml min®.

Absorbance at 660 nm
Production of CGTase (unit/ml)

Furification of the enzyme

The fermented culture medium (385 ml) was centrifuged to
obtain the supernatant medium which was concentrated by
ultrafiltration using the Micro-Thin Channel Ultra-filtration
Incubation Time (h) system-Model TCF2A (Amicon Co, Beverly, MA, USA).
The concentrated supernatant phase was dialysed against
deionized water and then against 0.05 M Tris-HCI buffer,
pH 8.0. The dialysed supernatants were applied to a DEAE-
Sephadex A-50 column, equilibrated with the same buffer.
After this operation, all fractions which contained enzyme
activity were combined and dialysed against the same
buffer. The dialysed enzyme solution was applied to a
DEAE-Sepharose CL-6B (Sigma Co, St Louis, MO, USA)
column as described above and the enzyme fractions were
dialyzed against deionized water, then freeze-dried.

Absorbance at 660 nm
Production of CGTase (unit/ml)

Incubation Time (h)

Determination of molecular weight

Figure 1 Time course of CGTase production 1B. firmus -o-, Cell The molecular weight of the purified enzyme was deter-

growth; M-, «-CGTase; A-, B-CGTase; @-, y-CGTase. mined by sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE). SDS-PAGE was carried out
in a vertical slab gel apparatus according to the method of
Laemmli [10]. Protein bands were stained with Coomassie

Table 1 Effect of starch concentration on the production of cyclodextrins phlye R-250. Molecular weight marker proteins were phos-

by CGTase phorylase b (94000 Da), albumin (67 000 Da), ovalbumin

(43000 Da), carbonic anhydrase (30000 Da), trypsin

Starch Formation of cyclodextrins (% N .
concentration (%) 4 () inhibitor (21 100 Da), andv-lactalbumin (14 400 Da).

a-CD B-CD v-CD Total-CD o ) ]

Determination of protein concentration

1 6.0 46.0 15.0 67 Protein concentrations were determined by the method of
2 5.9 35.4 15.0 56.3 Lowry et al [11].
3 5.0 35.1 15.0 55.1
4 3.4 34.0 14.7 52.1
5 3.0 31.0 14.0 48.0 ; :
6 25 271 133 429 Results and discussion

During screening for cyclodextrin-forming  micro-
Cyclodextrins were quantified after 7 h enzyme reaction. organisms, eight strains of alkalophilBacillus were iso-
lated. Each was examined for production of cyclodextrin
glycosyltransferase. Strain No. 324 produced the highest
activities of B- and y-cyclodextrin glycosyltransferases,

Table 2 Purification of CGTase fronB. firmus

Purification Volume Total Specific activity Recovery of
step (ml) protein Total activity (units ) (units mg* of protein) enzymg
(mg) (%)
a-CGTase pB-CGTase +vy-CGTase a-CGTase B-CGTase vy-CGTase
Crude enzyme 385.0 2080 273.4 1463.0 604.5 0.1 0.7 0.3 100
UF-concentration 70.0 317 194.5 1041.1 430.2 0.6 3.3 14 71.2
DEAE-Sephadex 50.0 54 136.3 729.3 301.3 25 13.5 5.6 49.8
DEAE-Sepharose 12.8 6.2 72.8 389.8 161.0 11.7 62.9 26.0 26.6
CL-6B

2Recovery of enzyme representBdCGTase.
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producing 0.57 and 0.19 units thirespectively. This strain
also produced a low level ofe-cyclodextrin glycosyl-
transferase (0.05 units M) activity. Therefore, strain No.
324 was selected for further studies and was identified a.
Bacillus firmus :
Production of cyclodextrin glycosyltransferase was,
attempted by changing incubation temperatures and th
nitrogen sources of the basal culture medium. The highes
production of enzyme activity was obtained when 5% (v/v) 2
corn steep liquor was substituted for yeast extract and pej
tone in the basal culture medium. Furthermore, the time " p” " " p 7
course of enzyme production . firmusNo. 324 was
followed using the modified basal culture medium. Culti- N .
vation at 40C produced high activity of cyclodextrin gly- Figure 3 Temperature stability of CGTase activity®-, Control; -O-,
X . . . 1 mM CacCl.
cosyltransferases: 3.8 uniss, 1.6 unitsy- and 0.6 unitsy-
cyclodextrin glycosyltransferases (Figure 1). The maximum

level of production of the enzyme was reached after 16 iy, ¢ 5 ang 9.0. The optimum temperature was@5The

of CL_IIt|vat|on at 4(?0 while at 35C it took 24 h to reach temperature stability for the enzyme was’6%ut its ther-

maximum production of the enzyme. . ostability was increased to 70 by the addition of 1 mM
The effect of starch concentration on the production Ofcacy o the enzyme reaction mixture (Figure 3). As shown

cyclodextrins by the enzyme was examined by incubating, Tapje 3, HgCJ, CuSQ, CoCl, or ZnSQ inhibited the

the mixture of 90 ml of starch (1-6% based on 100 ml) ingpyme when the reaction mixtures contained more than

0.05 M Tris-HCI buffer, pH 8 and 10 ml of crude enzyme 1 1\ of these compounds; 5 mM FeS@lso inhibited the

containing 7.1 unitsx-, 38 unitsp- and 16 unitsy-cyclo-  gnyme The other ten chemicals examined did not inhibit
dextrin glycosyltransferase, at 85 with constant slow 4 enzyme at concentrations of 1-5 mM (Table 3).

shaki_ng. The results are demonstrated in Table 1. When_the Previously, production of cyclodextrin glycosyltransfer-

se fromBacillus lentuswas reported from our laboratory
and the enzyme formed mainB¢ and y-cyclodextrins from
starch [17]. Cyclodextrin glycosyltransferase production by
B. firmusNo. 324 was compared with the yield of the
' enzyme fromB. lentus B. firmusproduced 0.08, 0.71 and
0.28 units mi* of a-, B- andy-cyclodextrin glycosyltrans-
ferases respectively, whereBslentusproduced 0.01, 0.26
and 0.1 units mt. Thus,B. firmusproduced approximately
.7 times more3- and y-cyclodextrin glycosyltransferases
thanB. lentus Table 4 shows characteristics of cyclodextrin
glycosyltransferases from 13 strains of bacteria. The
enzyme fromB. firmusNo. 324 has a high optimum tem-

80

vity %

60 I

t

12 ac

Temperature’C

of starch was 67% which consisted of 6% 46% - and
15% vy-cyclodextrin; whereas 5% of soluble starch yielded
only 48% cyclodextrins which consisted of 3&6, 31%
B- and 14% y-cyclodextrins. According to these results
increased starch concentration reduced formatios- @ind
B-cyclodextrins, but formation of-cyclodextrin remained
the same. The maximum production @f and y-cyclodex-
trins was attained after 7 h enzyme reaction. Furthermor
5% starch substrate concentration produced 17 mg@-pf
7.5mg of y- and 1.5mg of a-cyclodextrins per ml
(Figure 2).

Purification of the enzyme

Enzy_me purification led to a 9_0-f0|d purification of cyclo- Table 3 Effect of metal ions and chemical reagents on CGTase activity
dextrin glycosyltransferase with an enzyme recovery of

26.6% as shown in Table 2. The purified enzyme yieldedvetal ions and chemicals Relative enzyme activity (%) at:
a single band of protein by SDS-PAGE with an estimated
molecular weight of 75000 daltons. The purified enzyme 1mMm 5 mM
had an optimum pH of 7.5-8.5 and it was stable between
Control 100 100
CoCl, 60 40
0. MgSO, 100 100
g Znsq, 20 15
2 HgCl, 91 75
a 15r CusQ 80 50
s Kel 100 100
£ 0l FesQ 100 83
3 caCl, 100 100
< EDTA 100 100
g 5 p-Hydroxymercuribenzoate 100 100
g Sodium bisulfate 100 100
E o = " ®  L-cysteine 100 100
0 1 2 3 5 7 9 Sodium azide 100 100
! ) ) 2-Mercaptoethanol 100 100
Time of enzyme incubation (h) N-Bromosuccinimide 100 100
Sodium arsenate 100 100

Figure 2 Production of cyclodextrins from starch by CGTase frén
firmus -M-, a-CD; -A-, B-CD; -@-, y-CD.
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Table 4 Comparison of microbial CGTases 405
Microorganism Optimum pH Optimum Ratio of CD References

temperature °C) formeda:B:vy
Bacillus macerans 5.2-5.7 55 27:1:1 [3,8]
Bacillus megaterium 5.2-6.2 55 1:24:1 [8]
Alkalophilic Bacillus sp 45-4.7 45 mainlyg-CD [12,14]
Bacillus ohbensis 5.5 50 mainlyB-CD [18]
Klebsiella pneumoniae 6.9 40 1:1.86:0.56 [1]
Bacillus sp HA 3-2-2 6.5-8.5 60 mainlg-CD [15]
Bacillus amyloliquefaciens 6 70 mainly a-CD [22]
Bacillus circulans 5.5 60 1:2.3:0.8 [2]
Bacillus sp BE101 6.0-6.5 45 1:7:2 [9]
Bacillus sp AL-6 8 60 mainlyB e y-CD [6]
Bacillus lentus 6.5-7.5 55 mainly8-CD [17]
Brevibacteriumsp 9065 10 45 mainlB e y-CD [13]
Bacillus firmus 7.5-8.5 65 1:11:5 This work

perature (65C) which is desirable for industrial process, 11 Lowry OH, NJ Rosebrough, AL Farr and RJ Randall. 1951. Protein

and the enzyme is adequate for productiongefand y-

cyclodextrins.

References

measurement with the folin phenol reagent. J Biol Chem 193: 265—
275.

12 Matzuzawa M, M Kawano, N Nakamura and K Horikoshi. 1975. An
improved method for the preparation of Schardingedextrin on an
industrial scale by cyclodextrin glycosyltransferase of an alkalophilic
Bacillus sp (ATCC 21783). Die Sthe 27: 410-413.

1 Bender H. 1983. An improved method for the preparation of cyclo- 13 Mori S, S Hirose, T Oya and S Kitahata. 1994. Purification and proper-
octaamylose, using starches and the cyclodextrin glycosyltransferase ties of cyclodextrin glucanotransferase frddnevibacteriumsp No.

of Klebsiella pneumonia#! 5 al. Carbohydr Res 124: 225-233. 9605. Biosci Biotech Biochem 58: 1968-1972.

2 Bovetto LJ, DP Backer, JR Villette, PJ Sicard and SJ-L Bouquelet.14 Nakamura N and K Horikoshi. 1976. Purification and properties of
1992. Cyclomaltodextrin glucanotransferase frBacillus circulansE cyclodextrin glycosyltransferase of an alkalophiBacillus sp. Agr
192. 1. Purification and characterization of the enzyme. Biotechnol  Biol Chem 40: 935-941. - _
Appl Biochem 15: 48-58. 15 Nomoto M, CC Chen and DC Sheu. 1986. Purification and characteriz-

3 DePinto JA and LL Campbell. 1968. Pattern of action of the amylase  ation of cyclodextrin glucanotransferase from an alkalophilic bac-
and the cyclodextrinase @&acillus maceransArch Biochem Biophys terium of Taiwan. Agric Biol Chem 50: 2701-2707.

125: 253-258. 16 Park CS, KH Park and SH Kim. 1989. A rapid screening method for

4 French D. 1957. The Schardinger dextrins. In: Advance in Carbo- alkaline g-cyclodextrin glucanotransferase using phenolphthalein-

hydrate Chemistry (ML Wolfram, ed), Vol 12, p 189, Academic Press, methyl orange containing solid medium. Agric Biol Chem 53:
New York. 1167-1169.

5 French D, ML Levine, E Norberg, P Nordin, JH Pazur and GM Wild. 17 Sabioni JG and YK Park. 1992. Production and characterization of
1954. Studies on the Schardinger dextrins. VII. Co-substrate specifity ~cyclodextrin glycosyltransferase fromacillus lentus Starch/Steke

in coupling reactions oMaceransamylase. J Am Chem Soc 76: 44: 225-229. . o
2387-2390. 18 Sato M, Y Yagi, H Nagano and T Ishikura. 1985. Determination of
6 Fuijita Y, H Tsubouchi, Y Inagi, K Tomita, A Ozaki and K Nakanishi. CGTase fromBacillus ohbensisand its optimum pH using HPLC.

1990. Purification and properties of cyclodextrin glycosyltransferase  Agric Biol Chem 49: 1189-1191.

from Bacillus sp AL-6. J Ferment Bioeng 70: 150-154.

7 Horikoshi K. 1979. Production and industrial applicationg3efyclo-

dextrins. Process Biochem 6: 26-30.

8 Kitahata S and S Okada. 1974. Action of cyclodextrin glycosyl-
transferase fronBacillus megateriunstrain No. 5 on starch. Agr Biol

Chem 38: 2413-2417.

9 Lee YD and HS Kim. 1991. Enhancement of enzymatic production of
cyclodextrins by organic solvents. Enzyme Microb Technol 13:

499-503.

10 Laemmli UK. 1970. Cleavage of structural proteins during the

19 Staff Article. 1988. Production and potential food application of cyclo-

dextrins. Food Technol 42: 96-100.

20 Tilden EB and CS Hudson. 1939. The conversion of starch to crystal-

line dextrins by the action of a new type of amylase separated from
cultures ofAerobacillus macerans] Am Chem Soc 61: 2900-2902.

21 Tilden EB and CS Hudson. 1942. Preparation and properties of the

amylase produced Bacillus maceransindBacillus polymyxaJ Bac-
teriol 43: 527-544.

22 Yu EKC, H Aoki and M Misawa. 1988. Specific alpha-cyclodextrin

assembly of the head of bacteriophage T4. Nature 227: 680-685.

production by a novel thermostable cyclodextrin glycosyltransferase.
Appl Microbiol Biotechnol 28: 377-379.



