Copyright © 1998 by Humana Press Inc.
All rights of any nature whatsoever reserved.
0273-2289/98/70-72—0267$10.25

Production and Purification
of CGTase of Alkalophrlic Bacillus Isolated
from Brazilian Soil

GRrACIETTE MaTiol,! Giseua M. ZANIN,' MaNoEL F.
GuUIMARAES,2 AND FLAviO F. DE MORAES*]

1 State University of Maringd, Chemical Engineering Department, Av.
Colombo, 5790 - BL. E46 - 09 87020-900, Maringd, PR, Brazil;
2Federal University of Parand, P. O. Box 19046, Biochemistry Department,
81531-990-Curitiba - PR, Brazil

ABSTRACT

Alkalophylic bacilli that produce cyclodextringlycosyltransferase
(CGTase) were isolated from Brazilian soil, with a scheme of two plating
steps. In the first step, the bacterial isolate forms a halo in the cultivation
medium that contains y-cyclodextrin (CD) complexing dyes. The CGTase
of an isolate was purified 157-fold by biospecific affinity chromatogra-
phy, with B-CD showing a mol wt of 77,580 Daltons. It produces a - to
B-CD ratio of 0.156 and a small amount of a-CD, using maltodextrin
10% as substrate, at 50°C, pH 8.0 and 22 h reaction time, reaching 21.4%
conversion of the substrate to cyclodextrins. In the second screening step,
the isolates chosen give larger halos with B-CD complexing dyes, and
smaller halos with B-CD complexing dyes, leading to a 30% improvement
in y-CD selectivity, although at lower total yield for cyclodextrins
(11.5%).

Index Entries: Cyclodextringlycosyltransferase; CGTase; cyclodextrin;
alkalophylic bacillus, screening.

INTRODUCTION

Cyclodextrins (CDs) are cyclic oligosaccharides formed by p-glucosyl
residues linked by o,1-4 bonds. The most common are the a-, B-, and y-CD,
containing 6, 7, and 8 glucosyl residues, respectively. They are produced by
reacting liquefied starch with the enzyme cyclodextringlycosyltransferase
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(CGTase). Normally, a mixture of CDs is formed and the concentration
ratio depends on the enzyme source. Frequently, B-CD is produced in a
greater amount, in some cases a-CD, but y-CD is very seldom produced
in high yields. Depending on which cyclodextrin, a-, B-, or y-CD, is the
main product, the enzyme is called an a-, 8-, or y-CGTase, respectively.
Only two nonrecombinant strains are known to produce relatively high
yields of y-CD, those of Englbrecht et al. (1), and Mori et al. (2). However,
these research groups have put an extreme effort to select those strains
that were isolated from so many CGTase-positive microorganisms.

The CD rings are highly hydrophilic externally, and relatively hydro-
phobic internally (3). In aqueous solution, this structure thermodynami-
cally favors the inclusion of nonpolar molecules that can be fitted entirely
or partially inside the ring (4). This encapsulation at the molecular level
has been amply used for protecting labile molecules against chemical or
physical damage in diverse industrial products, such as food, drugs, agro-
chemicals, cosmetics, and perfumes (5).

More recently, the pharmaceutical industry has shown renewed inter-
est in encapsulation with y-CD, because this CD can accommodate large
drug molecules. This has stimulated research to aim at better ways of
producing larger quantities of y-CD. Three different routes have been
taken, as follows:

1. The development of superior processes for separating y-CD from
other CDs in the reaction mixture (6).

2. Prevention of y-CD destruction by reversible reactions. This is
achieved through the formation of a stable y-CD complex with an
appropriate substance (7).

3. Alternatively, the search for new strains whose CGTase enzyme
kinetically favors the production of y-CD at the beginning of the
reaction (1,2). However, it is worthy of note that, at equilibrium,
reached after a long time, 3-CD will always be in a greater concen-
tration (8).

This article presents a scheme of plate screening, with two steps that
help in selecting new bacterial isolates that produce CGTase with higher
v-CD selectivity. Results of the application of this scheme to regional soil
samples, as well as data on production of cyclodextrins by the CGTase-
producing isolates, are shown.

MATERIALS AND METHODS
First Screening Step

The first screening technique to isolate microorganisms that produce
CGTase was based on the Nakamura and Horikoshi screening medium II
(9), for alkalophylic microorganisms. The medium was supplemented with
dyes to detect CGTase-positive isolates. The isolates produce a clear halo
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around the colonies, since the complexation of these dyes with CDs changes
their light absorption characteristics. Dyes that were appropriate for com-
plexing with y-CD were Congo red and xylene cyanole FF. These dyes have
been used by Hamaker and Tao with Luria-Bertoni neutral media (pH 7.0)
containing 1% starch to detect y-CD production by recombinant Escherichia
coli cells (10). The final composition of the modified plate medium was (w/v):
soluble starch (1%), peptone (0.5%), yeast extract (0.5%), K;HPO, (0.1%),
MgSO,-7H,0 (0.02%), Na,CO; (1%), Congo red (0.01%), xylene cyanole FF
(0.001%), and agar (1.5%). The pH of this medium was 10.3. A drop of solu-
tion containing either a-, B-, or y-CD, deposited over a plate containing this
medium, produced a clear halo only with y-CD.

Microorganisms were isolated from soil samples collected from farm
fields used for cultivation of wheat, corn, potato, and cassava. Each sample
was suspended in dH,O and screening plates containing the above
modified medium were inoculated with appropriate volumes of these sus-
pensions. Plates were incubated at 37°C for 24 h, after which high-enzyme-
producing isolates, associated with larger halos, were chosen.

Second Screening Step

In this case, a second plating medium was used with the isolates of
the first screening step. For the second plate medium, the dyes were
changed, to be specific for detecting the presence of B-CD. These dyes are
phenolphthalein mixed with methyl orange, and have been used by Park
et al. (11).

CGTase Activity

The enzymatic activity of the CGTase produced by the bacterial iso-
lates was determined through the cultivation of these microorganisms in
liquid cultures containing a medium with the same composition as the
plate medium, except the dyes, and agar. Cultures were grown at 37°C up
to 5 d, after which cell-free supernatant was used to assay for CGTase
activity. Assay tubes with 0.5 mL of the CGTase-containing sample were
mixed with 0.5 mL of substrate solution: soluble starch 1% (w/v), Tris-HCl
buffer, pH 8.0 (0.01 M), and CaCl, (5 mM). Enzyme samples and substrate
solution were warmed to 50°C before mixing, and left to react at this
temperature for 20 min. Reactions were stopped by boiling the tubes for
5 min, and the CDs produced were measured by colorimetric assays as
described below. One unit of CGTase is the amount of enzyme that pro-
duces one pmol of B-CD/min/mL of enzyme in these conditions. CGTase
enzyme activity was also assayed by the method of successive dilutions
of the supernatant. The amount of CD produced in this case was assayed
through the precipitation with (trichloroethylene) (TCE) (12).

B-CD concentration was measured, based on the discoloration of phe-
nolphthalein solutions at 550 nm, which occurs after complexation with
B-CD, following the method of Vikmon (13) as modified by Hamon and
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Moraes (14). y-CD concentration was determined based on increased ab-
sorption at 620 nm of bromocresol green solutions upon complexation with
v-CD, according to the method of Kato and Horikoshi (15), as modified by
Hamon and Moraes (14). Soluble proteins were determined by the method
of Bradford (16), using BSA as standard protein.

Enzyme Purification

Selected microorganisms were cultivated in 5-L cultures (medium
described in CGTase Activity) for 5 d at 37°C, with agitation. Each culture
was centrifuged at 8800/g for 15 min to pellet cells. The cell-free supernatant
was mixed with ammonium sulfate (80% saturation) and left in a refrigera-
tor overnight. A second centrifugation at 8800/g for 30 min was conducted,
and the precipitate was dissolved in Tris-HCI buffer, pH 8.0 (0.01 M).
The enzyme was further purified by biospecific affinity chromatography
column using Sepharose 6B gel, and both B-CD (17) and y-CD (1) were
independently tried as affinants. Purified CGTase was concentrated by
ultrafiltration, dialyzed 5 X with Tris-HCI buffer, pH 8.0 (0.01 M), to re-
move molecules smaller than 30 kD, and stored in a refrigerator for later
use.

Mol Wt Determination

The mol wt of the CGTase was determined according to Weber and
Osborn (18), by SDS-PAGE, using a mol wt reference kit (Pharmacia,
Uppsala, Sweden) of six standard proteins with mol wt in the range of
14,400 to 94,000 Daltons. The relation between log mol wt and relative
mobility was established, and the mol wt of the CGTase was determined
through this relation.

Cyclodexirin Production Tests

A batch reactor test was used for the production of cyclodextrins with
the purified CGTase. Conditions were: 50°C, about 1 mg/L of pure enzyme
(80.1 U), and the substrate solution contained maltodextrin 10% (w/v) (Dex-
trin 10, Fluka [Buchs, Switzerland] article 31412), Tris-HCl buffer, pH 8.0
(0.01 M), and 5 mM CaCl,. The test was run for a period of 24 h, and
samples were taken at regular intervals and boiled for 5 min, after which
they were assayed for B- and y-CD with the colorimetric methods above
described. a-CD was measured by HPLC, using C-18 hydrophobic interac-
tion column and water—methanol (92-8%) eluent (19).

RESULTS AND DISCUSSION

First Screening Step

Application of the first screening step has screened for 57 strains that
produce CGTase. The cell-free supernatant of isolate number 37, up to a
dilution of 28, was able to produce CDs in sufficient amount to be precipi-
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tated by TCE. This isolate has shown the highest enzyme activity in this
group. Media presented in Table 1 were tested with isolate 37. The highest
activity observed in the cell-free supernatant occurred with medium A,
which contained peptone and yeast extract as source of nitrogen, reaching
0.1155 pmol of B-CD/(min-mL). Therefore, isolate 37 has shown a divergent
behavior in comparison with the alkalophylic bacillus isolated by Naka-
mura and Horikoshi (9) which produces much higher CGTase activity in
medium B, which contains corn-steep liquor as source of nitrogen.

Enzyme Purification

CGTase enzyme from isolate 37 was purified as described in Materials
and Methods, giving a electrophoretically homogeneous enzyme solution
with 0.171 mg of protein/mL, activity of 13.7 umol of B-CD/(min-mL) and
157-fold purification. The specific activity of this enzyme was 80.1 pmol
of B-CD/(min-mg of enzyme). This value is very close to the specific activity
determined by Hamon and Moraes (14) for the CGTase enzyme from alka-
lophylic bacillus 1-1 described by Schmid et al. (23). The purification ob-
tained in this work is superior to that obtained by Laszl6 et al. (17), who
obtained 120-fold, and also, greater than that obtained by Saha et al. (24),
who purified the enzyme by agarose and Sephacryl 200 column, and ob-
tained 129-fold purification.

Enzyme Mol Wit

The mol wt of the CGTase enzyme of isolate 37 was determined by
SDS-PAGE, and found to be 77,580 Daltons. This value is within the usual
range of mol wt obtained for CGTases from different microorganisms
(66,000 to 80,000 Daltons).

Production of Cyclodextrins

The production of CDs from maltodextrins upon using purified
CGTase of isolate 37, in the 24 h batch test, is shown in Fig. 1. As can be
seen, B-CD concentration, at any time, is higher than y-CD concentration,
indicating that this enzyme is a B-CGTase enzyme. 3-CD concentration
reached about 16 mM, and the ratio of - to B-CD concentration was 0.156;
that is, a maximum of 2.5 mM of y-CD was obtained. Production of a-CD
was very low, reaching only 0.085 mM. This lower value would reduce
separation requirements in an industrial production process of CDs. More-
over, total conversion of the substrate, maltodextrin at 10% (w/v), reached
21.4% after a period of 22 h, with 1 mg/mL of CGTase enzyme of isolate
37, at 50°C and pH 8.0.

Second Screening Step

The second screening step was applied to the isolates already screened
through the first step. The idea of this new screening step is based on the
fact that, although the first screening technique spotted the colonies that
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Fig. 1. Production of cyclodextrins by the CGTase from isolates 37 and 41, using
maltodextrins 10% (w/v) as substrate, pH 8.0, at 50°C, and about 1 mg/mL of pure
enzyme.

produce y-CD, they could still be large producers of B-CD. Through the
detection of small halos in the second plate medium, this technique aims
at selecting isolates that would produce y-CD at higher selectivity, that is,
at higher ratios of y- to B-CD.

Two new isolates, 41 and 47, were chosen to work with. Production
level of CDs by the purified enzyme of isolate 41 is also shown in Fig. 1,
for comparison with the results of isolate 37. Both -CD and y-CD produc-
tion by the CGTase of isolate 41 are proportionally smaller than that of
isolate 37, but the ratio of y- to B-CD concentration produced by this isolate
is higher, and reached 0.204. Therefore, isolate 41 produces y-CD at about
30% higher selectively than isolate 37, although with lower total CD yield
(11.5%). The y-CD selectivity improvements, so far, are modest. The pro-
duction of CDs by the purified enzyme of isolate 47 was very similar to
that of isolate 41, and the ratio of y- to B-CD concentration was 0.187.

Although the purification by affinity chromatography of the CGTase
enzyme of isolates 37, 41, and 47 was attempted in two different columns,
one containing B-CD as affinant and the other y-CD, purification was
achieved only with the B-CD column, showing that these CGTase are in
fact B-CGTase enzymes.

Sabioni and Park (21,25) have exclusively used the phenolphthalein
screening technique of Park et al. (11), with Brazilian soil from Campinas-
SP, and isolated an alkalophylic B-CGTase strain of Bacillus lentus, which
formed a-, -, and y-CD in the proportion of 1:67:1.6, respectively. The
ratio of y- to B-CD in this case is much lower: 0.015. This confirms that
the application of the screening scheme with two steps proposed in this
work helps to isolate CGTase with higher selectivities for y-CD. Since the
v-CGTase isolated by Mori et al. (2) can reach a y- to B-CD ratio of 1.4
with 10% starch (26), there is still much scope for further improvements
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of the screening scheme tested in this work. The development of such
techniques would facilitate the search for y-CGTase enzyme producers
with superior selectivity, and this will be of great interest to the pharma-
ceutical industry.

CONCLUSIONS

The isolation of alkalophylic microorganisms that secrete CGTase en-
zyme has become relatively easy with the application of the screening
scheme presented in this paper.

The second screening step introduced was able to screen for isolates
whose CGTase leads to slightly better selectively for y-CD. A 30% higher
selectivity over step one was achieved, although at lower overall yield for
cyclodextrins.

New, improved schemes should still be developed for facilitating the
isolation of strains that are good producers of y-CGTase, since only two
are known presently, and these were obtained by highly laborious and
time-consuming procedures.

The interest of the pharmaceutical industry in using y-CD for com-
plexing large drugs warrants further research in this area.
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