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Abstract

A cyclomaltodextrin glucanotransferase (E.C. 2.4.1.19) from a newly iso-
lated alkalophilic and moderately thermophilic Paenibacillus campinasensis
strain H69-3 was purified as a homogeneous protein from culture supernatant.
Cyclomaltodextrin glucanotransferase was produced during submerged fer-
mentation at 45°C and purified by gel filtration on Sephadex G50 ion
exchange using a Q-Sepharose column and ion exchange using a Mono-Q
column. The molecular weight of the purified enzyme was 70 kDa by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and the pI was 5.3. The
optimum pH for enzyme activity was 6.5, and it was stable in the pH range
6.0–11.5. The optimum temperature was 65°C at pH 6.5, and it was thermally
stable up to 60°C without substrate during 1 h in the presence of 10 mM CaCl2.
The enzyme activity increased in the presence of Co2+, Ba2+, and Mn2+. Using
maltodextrin as substrate, the Km and Kcat were 1.65 mg/mL and 347.9
µmol/mg·min, respectively.

Index Entries: CGTase characterization; CGTase purification; cyclomal-
todextrin glucanotransferase; thermostable CGTase.

Introduction

Cyclomaltodextrin glucanotransferase (CGTase; EC 2.4.1.19) is a mem-
ber of the α-amylase family (family 13) of glycosyl hydrolase (1). CGTase can
also hydrolyze glucan chains in a manner similar to α-amylases, but differs
in its ability to form cyclodextrins (CD) as reaction products. CDs are formed
from starch molecules through intramolecular transglycosylation (cycliza-
tion) and can be made up of 6–8 glucan residues, α-, β-, and γ-CD, respec-
tively. This enzyme is in fact multifunctional; besides cyclization reaction it
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displays intermolecular transglycosylation (coupling and dispropor-
tionation) and hydrolytic activity on starch and CDs (2–4). CDs are dough-
nut-shaped molecules with a hydrophilic outer surface and a relatively
hydrophobic cavity. Owing to their ability to form inclusion complexes
with many organic molecules, CDs have become increasingly useful in
pharmacy, food, cosmetics, agriculture, analytical chemistry, and biotech-
nology. They can be used to capture flavors and odors, stabilize volatile
compounds, improve the solubility of hydrophobic substances, and protect
substances against undesirable modifications (2–7).

CGTases are produced extracellularly by a variety of bacteria mainly by
the alkalophilic, mesophilic, and thermophilic Bacillus genus (4,8). However,
other producers have also been reported such as Klebsiella sp. (9,10),
Brevibacterium sp. (11), Paenibacillus sp. (12–15), Thermoanaerobacter sp. (16,17),
Thermoanaerobacterium sp. (18), Thermococcus sp. (19), and Thermoactinomyces
sp. (20). Most of these CGTase producers are able to produce a mixture of
CGTase types, mainly α-CD and/or β-CD.

As the majority of the CGTases studied are produced by mesophilic
microorganisms, they possess low-thermostability. In the CD production
process, therefore, it is necessary to add a thermostable α-amylase during
the liquefaction step carried out at high-temperature (95–105°C). On
completion of liquefaction, the stream is cooled to 50–55°C for the CD
production by CGTase (16). Thermostable CGTases would make it less
necessary to reduce the temperature for CGTase action, and this would
decrease the cost of final CD production. On the other hand, the high pro-
duction cost of CGTase and CDs is considered the limiting factor in CD
applications on an industrial scale. Research aimed at decreasing the cost
of CGTase production is, therefore, necessary if commercial use of CDs is
to become economically feasible. The search for a thermophilic CGTase
producing microorganism with high-thermostability is thus of commer-
cial interest.

We have isolated a new CGTase producer from soil cassava crop sam-
ples, which grows at 45°C and is classified as P. campinasensis strain H69-3
(henceforth referred to as H69-3). Although many studies have been car-
ried out on detection of CGTase in different microorganisms, few reports
have described CGTase from the alkalophilic thermophilic P. campinasensis.
Therefore, in the present study we report its classification and the purifi-
cation and characterization of its CGTase for the first time.

Materials and Methods

Materials

CDs (α-, β-, and γ-CD), maltodextrin, phenolphthalein, orange methyl,
and bovine serum albumin were purchased from Sigma (St. Louis, MO).
Yeast extract, peptone, and agar were obtained from Difco (Detroit, MI).
Soluble starch and all other chemicals of analytical grade were obtained
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from Merck (Darmstadt, Germany). Resins for enzyme purification were
purchased from Amersham Pharmacia Biotech (Uppsala, Sweden).

Microorganism Isolation and Identification

The bacterial strain H69-3 was isolated from soil cropped with cas-
sava in São José do Rio Preto, SP—Brazil, as described in our previous
work (15). The phylogenetic properties of H69-3 were determined with the
help of the Centro Pluridisciplinar de Pesquisas Químicas, Biológicase Agrícolas
(Unicamp, Campinas, SP, Brazil) using molecular techniques of the
sequencing and phylogenetic identification analysis of the 16S rRNA gene
fragments. The 16S rDNA sequence was amplified by polymerase chain
reaction (PCR), using as template the genomic DNA that was isolated off
the H69-3 strain. The primers used in PCR were a p27 forward primer and
a p1525 reverse primer that corresponded to a homologous conserved
region of the 16S rRNA gene in bacteria.

The amplified PCR product was purified and sequenced directly on a
MegaBACE 1000 (Amersham Biosciences) automatic sequenator. The for-
ward primers p10 and 765 and reverse primers 782 and p1100 were used
during sequencing. The 16S rDNA sequence was compared with known
sequences on databases from Ribosomal Database Project (RDP, WI;
http://www.cme.msu.edu/RDP/html) and GenBank (http://www.ncbi.
nlm.nih.gov/). The 16S rDNA sequences related to H69-3 sequence were
selected for phylogenetic analysis. The evaluative distance matrices were
calculated with the Kimura model (21) and the phylogenetic tree was built
using the Neighbor-Joining method (22) in accordance with analysis soft-
ware from RDP.

Assay of CGTase

CGTase activity was measured as β-CD forming activity based on
phenolphthalein method (23) with slight modifications as described in
Alves-Prado et al. (20). One unit of CGTase activity was defined as the
amount of enzyme that produced 1 µmol of β-CD per min.

Protein Determination

Protein concentration was estimated according to the Hartree-Lowry
method, using bovine serum albumin as standard (24).

Purification of CGTase

The culture medium used for CGTase production was based on the
proposal by Nakamura and Horikoshi (25) with some modifications: solu-
ble starch 10.0 g/L, peptone 5.0 g/L, yeast extract 5.0 g/L, K2HPO4 1.0
g/L, MgSO4·7H2O 0.2 g/L, Na2CO3 5 g/L (separately sterilized), pH 9.6.
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The CGTase was produced by cultures of H69-3 in 500-mL Erlenmeyer
flasks, containing 80 mL culture medium with soluble starch as substrate.
The cultures were incubated on a rotary shaker at 45°C, for 48 h at 200
cycles per min. The cells were removed from the medium by centrifuga-
tion at 10000g for 15 min at 5°C. Supernatant containing crude CGTase was
concentrated by ultrafiltration using the Pellicon® system (Millipore,
Beldford, MA). The concentrated CGTase was subjected to gel filtration
chromatography on a Sephadex superfine G-50 column (2.6 × 100 cm2) that
had been preequilibrated with 20 mM Tris-HCl buffer (pH 7.5), containing
20 mM NaCl. Elution was carried out by the same buffer at a flow rate of
0.3 mL/min at room temperature, and 5 mL fractions were collected using
a fraction collector (Pharmacia Biotech Frac-100, Sweden). The CGTase-
containing fractions were spin-concentrated using Centricon® YM10 tubes
(amicon bioseparations, Millipore, Beldford, MA) with 10 kDa cutting
membrane and purified to homogeneity on an ÄKTA purifier system
(Pharmacia Biotech, Sweden). The following chromatographic steps were
performed using a Q-Sepharose® Fast Flow column (5.0 × 10.0 cm2) fol-
lowed by a Mono-Q HR 5/5 column with bed volume of 1.0 mL
(Pharmacia Biotech, Sweden) using 20 mM Tris-HCl buffer (pH 7.5). The
purity of the CGTase was determined by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE).

Determination of Protein Molecular Weight

The molecular weight of the pure protein was estimated by SDS-
PAGE according to Laemmli (26). The SDS-PAGE was performed on a 10%
homogeneous gel using the Mini-Cell electrophoresis apparatus (BioRad
Laboratories, Richmond, CA). The gel was stained by means of the Blum
silver-staining method (27). BenchMarker Protein Ladder (Invitrogen)
was used as standard.

Activity Gel

The native gel was performed on a 10% homogeneous gel using the
Mini-Cell electrophoresis apparatus (BioRad Laboratories) in accordance
to Laemmli (26), but without SDS. Part of the gel was stained by means of
the Blum silver-staining method (27) and other part of this gel was incu-
bated on soluble starch solution 1% overnight, rotating at 5°C and after
this, the gel was stained with I-IK solution 1%.

Isoelectric Focusing

Isoelectric focusing (pI) was performed in an Ettan IPGphor II two-
dimensional electrophoresis apparatus (Amersham Biociences), using a strip
holder with a pI scale from 3.0 to 10.0 for focusing and a 12% (w/v) acry-
lamide gel for the second dimension. During isoelectric focusing, the strip
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holder was submitted to rehydration loading together with the enzyme sam-
ple for 12 h. It was subjected to different voltage steps, with the first step car-
rier in 500 Vh, the second step carrier in 1000 Vh, and the third step carrier in
12,500 Vh. After focusing, the strip holder was transferred to a polyacry-
lamide gel (SDS-PAGE) for the two-dimensional. SDS-PAGE was carried out
at a constant voltage of 90 V for the first half hour and 220 V for the next 4 h
at 25 mA. The gel was stained by the Blum silver-staining method (27).

Kinetic Parameters

The kinetic parameters were determined by incubating the pure
enzyme in maltodextrin with DE 13.0–17.0 (Aldrich, Milwaukee, WI)
(from 0 to 10 mg/mL) in 50 mM acetate buffer, pH 6.5, at 60°C, for 10 min
under phenolphthalein assay conditions. The values of Km and Vmax were
estimated by fitting the data to a Michaelis-Menten model using the GraFit
program, version 5.0 (Erithacus Software).

Effect of pH and Temperature on Activity and Stability 
of the Enzyme

The optimum pH of the pure CGTase was determined by measuring
activity at 60°C using MacIlvaine buffer (pH 2.5–8.0) and glycine–NaOH
buffer, 0.1 M (pH 8.0–11.5). The reaction was carried out using the CGTase
assay as previously mentioned. Optimal pH was the pH where the enzyme
displayed its maximal activity, which was considered 100% activity. The opti-
mum temperature of the pure enzyme was determined by incubating the
reaction mixture of the CGTase assay in different temperatures, ranging from
5 to 90°C for 10 min. Optimal temperature was the temperature where the
enzyme displayed its maximal activity, which was considered 100% activity.

The pH stability was determined by incubating the CGTase prepara-
tion without substrate in the same buffer systems used previously, at 25°C
for 24 h. The remaining activity was assayed under standard conditions at
60°C. The temperature stability was checked by subjecting the enzyme,
without substrate, at various temperatures at 5°C up to 90°C for 60 min
and then cooling in ice before measuring the residual activity under stan-
dard conditions at 60°C and pH 6.5.

Results and Discussion

Microorganism Isolation

The bacterial strain H69-3 showed high CGTase activity and growth
at 45°C. The strain H69-3 was identified according to 16S rDNA sequence
comparisons and correlation with the physiological characteristics of this
isolate. H69-3 has rod-shaped cells and Gram coloration was variable.
During early growth phase Gram-positive cells could be observed, but
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after 50 h of growth, only Gram-negative rods were visible. This microor-
ganism was facultative anaerobic, positive for catalase reaction and nitrite
to nitrate reduction as well as negative to oxidase reaction. The cellular
growth at 30°C, 37°C, 40°C, 50°C, and 55°C was observed for nutrient
medium in pH6.8. These physiological properties indicated the gender of
the strain H69-3, but only with 16S rRNA was possible to identify correctly
this strain. The partial 16S rRNA sequence of H69-3, with 892 pb revealed
99% similarity with sequences of the P. campinasensis strain 324 (28) and
other Paenibacillus sp. strains included in RDP and GenBank. Similarity
of 94 and 96% was found with other Paenibacillus sp., such as P. lactis and
P. pabuli. Phylogenetic analysis and physiological characteristics con-
firmed the similarity found in databases and clearly grouped the strain
H69-3 with P. campinasensis (Fig. 1). Based on these results, the studied
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Fig. 1. Phylogenetic tree based on the 16S rRNA gene sequence, of the H69-3 strain
and other related microorganisms. The Neighbor-Joining method was used and
Streptococcus hyointestinalis was used as the out-group. The GeneBank accession num-
bers of the additional 16S rRNA sequences used are as follows: P. campinasensis KCTC
0364BP (AF021924); P. lactis MB 1871 (AY257868); P. glucanolyticus DSM 5162 (D78470);
P. lautus NRRL NRS-666 (D78473); P. polymyxa IAM 13419 (D16276); P. azotofixans DSM
1735 (X77846); P. xylanilyticus XIL14 (AY427832); P. illinoisensis NRRL NRS-1356
(D85397); P. pabuli HSCC 492 (AB045094); P. macquariensis NCTC 10419 (X60625).



microorganism (strain H69-3) was classified as P. campinasensis strain H69-3.
The partial 16S rDNA sequence has been deposited in the GeneBank and
has been assigned the accession number DQ153080.

CGTase Purification

After 50 h of fermentation, the supernatant from the P. campinasensis
strain H69-3 culture was used for purification of CGTase in four steps. The
supernatant containing crude enzyme was first concentrated by ultrafiltra-
tion and subsequently purified by gel filtration and anion exchange (Table 1).
These steps resulted in a 115-fold purification with a yield of 13.3%, and spe-
cific activity of 8.1 U/mg of protein (Table 1). The purification steps resulted
in one homogeneous band on a silver-stained SDS-PAGE (Fig. 2A). A native
polyacrylamide gel for activity staining also gave the purified CGTase one
single band in the presence of soluble starch (Fig. 2B).

Previously, CGTase purification from Bacillus sp. AL-6 was performed
using starch adsorption chromatography and two DEAE–Sephadex A-50
chromatographies, with a yield of 14.4% and a 230-fold purification, sim-
ilar to the yield (29). In another study, CGTase from the P. campinasensis
(B. firmus) strain 324 was purified by ion exchange- and affinity-
chromatography resulting in a 26.6% yield and a 90-fold purification (30).
Finally, process chromatography was used to purify the CGTase from P.
illinoisensis ST-12K using a DEAE-cellulose column and a Butyl-Toyopearl
column, resulting in a 4.5-fold purification and a 27% yield (13).

Molecular Weight

The molecular weight of the purified CGTase was estimated by elec-
trophoretic mobility under denaturing conditions to be 70 kDa (Fig. 2A).
This molecular weight is in agreement with the majority of purified CGTase
reported in literature, which is between 70–88kDa (4,8–13,25,29–31).
However, in some cases, CGTase has been reported to have a lower molecu-
lar weight, such as those from B. lentus (33 kDa) (32), B. coagulans (36 kDa) (33),
and Bacillus sp. 1919 (42 kDa) (34). On the other hand, CGTases with a higher
molecular weight have also been reported, such as those from B. agaradhaerens
(110 kDa) (35), B. licheniformis (144 kDa) (36), and Thermoanaerobacter sp. (103
kDa) (16, 17) (Table 2). The variation of the pI values among studied CGTases
can be owing to adaptations from environmental properties of the screening
place. Different environments can lead to genetic sequence changes of this
enzyme during the evolutionary process (40).

Isoelectric Focusing

The pI of the purified CGTase was 5.3. The pI exhibited by this CGTase
is slightly acidic, similar to CGTase from B. stearothermophilus (37), which
has a pI value of 5.0. Some CGTases have shown high acidic pI values, such
as CGTase from Brevibacterium sp. (11) with a pI value of 2.8 and from
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Table 1
Summary of Purification Results

Total Total Total Specific
volume protein CGTase activity Fold Percent

Step (mL) (mg) activity (U) (U/mg) purification yield

Crude enzyme 
(supernatant) 350.0 1393.0 91.0 0.07 – 100

Concentration 
by ultrafiltration 
(Pelicon) 40.0 316.0 87.2 0.28 4.0 95.8

Gel filtration 
Sephadex G-50 123 32.0 49.2 1.54 22.0 54.1

Ion exchange 
(Q-Sepharose) 70 2.8 39.9 14.25 203.6 43.8

Ion exchange 
(Mono-Q column) 7.5 1.5 12.1 8.07 115.3 13.3

Enzymatic activity determined by phenolphthalein method.

Fig. 2. CGTase from P. campinasensis strain H69-3 (A) determination of molecular
weight on SDS-PAGE. Lane 1, molecular weight marker; lane 2, crude enzyme; lane 3,
elution from gel filtration; lane 4, Q-Sepharose fast flow elution; and lane 5, purified
CGTase (Mono-Q elution). (B) Native gel, 1: silver stained and 2: amylolytic activity
I-KI stained.



Applied Biochemistry and Biotechnology 49 Vol. 136–140, 2007

Ta
bl

e 
2

C
om

pa
ri

so
n 

B
et

w
ee

n 
th

e 
Pr

op
er

ti
es

 o
f 

C
G

Ta
se

 F
ro

m
 th

e 
P.

 c
am

pi
na

se
ns

is
St

ra
in

 H
69

-3
 a

nd
 F

ro
m

 S
om

e 
O

th
er

 C
G

Ta
se

 P
ro

d
uc

er
s

St
ab

ili
ty

 
te

m
pe

ra
tu

re
(°

C
)

M
ol

ec
ul

ar
 

O
pt

im
um

 
w

ei
gh

t
te

m
pe

ra
tu

re
 

O
pt

im
um

St
ab

ili
ty

K
m

St
ra

in
(k

D
a)

(°
C

)
+C

a+2
–C

a+2
pH

pH
(m

g/
m

L
)

pI
R

ef
er

en
ce

s

A
lk

al
op

hi
lic

 B
ac

ill
us

 s
p.

 
A

T
C

C
 2

17
83

85
50

60
70

7.
0 

an
d

 
6.

0–
9.

0
–

–
25

8.
0–

9.
0

B
ac

ill
us

sp
. A

L
-6

74
55

–6
0

40
–

8.
0

5.
0–

8.
0

–
–

29
B

ac
ill

us
sp

. 1
91

9
42

55
–6

0
50

–
4.

0
5.

0–
8.

0
–

–
34

B
ac

ill
us

 s
p.

G
1

75
60

60
70

6.
0

7.
0–

9.
0

0.
15

a
8.

8
31

B
. a

ut
ol

yt
ic

us
11

14
9

68
60

40
–

5.
0–

6.
0

5.
0–

9.
0

3.
0–

4.
0

38
B

. a
ga

ra
dh

ae
re

ns
 L

S-
3C

11
0

55
30

40
9.

0
5.

0–
11

.4
18

.0
b 

an
d

6.
9

35
21

.2
c

B
. c

ir
cu

la
ns

E
19

2
78

60
–

45
5.

5–
5.

8
6.

0–
9.

0
0.

70
b 

an
d

6.
9 

an
d

 
39

0.
57

d
6.

7
B

. c
oa

gu
la

ns
36

65
65

–
6.

5
5.

0–
10

.0
–

–
33

B
. l

en
tu

s
33

45
–5

0
–

55
6.

5–
7.

5
6.

5–
8.

5
–

–
32

B
. f

ir
m

us
(N

C
IM

 5
11

9)
78

65
30

–
5.

5–
8.

5
7.

0–
11

.0
1.

21
c

–
41

B
. l

ic
he

ni
fo

rm
is

14
4

–
60

–
5.

0–
6.

0
6.

0–
8.

0
–

–
36

B
.s

te
ar

ot
he

rm
op

hi
lu

s 
E

T
1

66
.8

80
60

70
6.

0
6.

0–
8.

0
–

5.
0

37
B

re
vi

ba
ct

er
iu

m
 s

p.
 n

 9
60

5
75

45
30

50
10

.0
6.

0–
8.

0
–

2.
8

11
K

. p
ne

um
on

ia
e 

A
S-

22
72

45
35

–
7.

0–
7.

5
5.

5–
9.

0
1.

35
c

7 
an

d
 3

10
P

ae
ni

ba
ci

llu
s

sp
. F

8
72

50
40

50
7.

5
6.

0–
8.

0
–

–
12

T
he

rm
oa

ct
in

om
yc

es
sp

. 
IN

M
IA

—
A

-5
61

64
–

70
–

6.
0–

7.
0

5.
5–

8.
5

–
–

20
T

he
rm

oa
na

er
ob

ac
te

r
sp

.-A
T

C
C

53
62

7
10

3
95

80
–

5.
0

5.
0–

6.
7

–
–

16
,1

7
P.

 c
am

pi
na

se
ns

is
H

69
-3

70
65

55
60

6.
5

6.
0–

11
.0

1.
65

b
5.

3
T

hi
s 

w
or

k

a β
-c

yc
lo

d
ex

tr
in

.
b m

al
to

d
ex

tr
in

.
c S

ol
ub

le
 s

ta
rc

h.
d W

he
at

 s
ta

rc
h.



B. autolyticus (38) with a pI s value of 3.0 and 4.0. However, other CGTases
have a high basic pI, such as that from Bacillus sp. G1 (31) with a pI of 8.8.
There are also neutral pI CGTases, such as B. agaradhaerens LS-3C (35) with a
pI value of 6.9, and B. circulans E192 (39) with pI values of 6.9 and 6.7 (Table 2).

Kinetic Parameters

The Km and Vmax values obtained were 1.69 ± 0.39 mg/mL and 4.97 ±
0.30 µmol/min·mg, respectively. Km values ranging from 0.15 to 21.2 mg/mL
and Vmax values ranging from 7.4 to 249 U/mg have previously been
reported for few CGTases (10, 30, 31, 35, 39, 41). However, only the B.
agaradhaerens LS-3C (35) and B. circulans E192 (39) used maltodextrin as sub-
strate. The Km of CGTase from P. campinasensis strain H69-3 was larger than B.
circulans E192 (0.7 mg/mL) and smaller than CGTase form B. agaradhaerens
LS-3C (18.0 mg/mL). As Km might be correlated with the affinity for sub-
strate, by comparison it is possible to infer a good affinity of the CGTase of
P. campinasensis strain H69-3 for maltodextrin. The Kcat and Kcat/Km were
calculated and it was 347.9 µM/mg.min and 205.9 min/µmol, respectively.
The Kcat value exhibited by this CGTase was larger than those obtained by
CGTases from Klebsiella pneumoniae AS-22 (249 µM/mg·min) (10) and B. firmus
(145.17 µM/mg·min) (41). However, here any conclusion might be
obtained, as the used substrates were not the same.

Effect of pH on Activity and Stability of the Enzyme

The activity CGTase was determined at varying pH values ranging
from 2.5 to 11.5 at 60°C. The purified CGTase was highly active between
pH values 5.5 and 7.0 with maximum activity at pH 6.5 in MacIlvaine
buffer (Fig. 3). The optimum pH value suggests that, in order to effect the
cyclization reaction, CGTase from the P. campinasensis strain H69-3 needs a pH
near to neutral. This optimum pH was also noted for CGTase from B. lentus
(32) and B. coagulans (33). The pH stability was determined by incubating
the crude CGTase on different pH values, ranging from 2.5 to 12.0 for 24 h
at 25°C. Then, the residual activity was measured at standard activity con-
ditions. The purified CGTase was found to be stable over a wide range of
pH (6.0–11.0) after 24 h of incubation at 25°C (Fig. 3).

Effect of Temperature On Activity and Stability of The Enzyme

The activity of pure CGTase was measured at temperatures between
30°C and 80°C at pH 6.5. The enzyme exhibited maximum activity at temper-
atures between 60°C and 65°C (Fig. 4). The effect of temperature on stability
of pure CGTase was also investigated. The enzyme was incubated for 1 h
at various temperatures (30–70°C) followed by measurement of residual
activity under standard assay conditions. Hundred percent CGTase activity
was maintained up to 55°C, indicating good thermal stability (Fig. 4). The
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enzyme was completely inactive at 80°C. The thermal stability increased when
the CGTase was incubated in the presence of the Ca2+. About 90% of CGTase
activity was maintained up to 60°C when it was incubated with 10 mM CaCl2
(Fig. 5). Ion Ca2+ has been used as enzyme stabilizer and these results were
similar to that obtained by Chung (37) studying CGTase from B. stearother-
mophilus ET1.

Effect of Metal Ions and Chemicals on CGTase Activity

The enzyme was incubated with a number of salts and reagents, at 5 mM
and 1 mM, in 100 mM acetate buffer, pH 6.5 at 25°C for 60 min. A sample
of the mixture was used to determine residual activity under standard
assay conditions, while maintaining salt and reagent concentrations. The
results are summarized in Table 3. Considering the presence of metallic ions
and other reagents, the response of CGTase activity from the P. campinasensis
strain H69-3 was similar to that reported for other CGTases (29,35). This
CGTase was strongly inhibited by Ag1+, Al3+, Cr2+, Cu2+, Fe2+, Fe3+, Hg3+,
NH4

2+, Sn2+, and β-CD. It was slightly inhibited by Cd1+, Pb2+, Zn2+, Zn3+,
Sr2+, SDS, and γ-CD with 20–70% of the activity. CGTase activity was not
inhibited in the presence of Mg2+, K1+, Ca2+, Na1+, Ni2+ ethylenediamine
tetra acetic acid, phenylmethylsulfonyl fluoride, sodium m-arsenite,
sodium azide, 2-mercaptoethanol, dithiothreitol, and α-CD and it was
enhanced in the presence of Co2+, Ba2+, and Mn2+.
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Fig. 3. Effect of pH on CGTase activity ( ) and CGTase stability ( ) from
the P. campinasensis strain H69-3. The buffers used were: MacIlvaine (pH 3.0–8.0) and
glycine–NaOH (pH 8.0–11.5).
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Fig. 4. Effect of temperature on CGTase activity ( ) and CGTase stability
( ) from the P. campinasensis strain H69-3.

Fig. 5. Effect of CaCl2 on temperature stability of CGTase from P. campinasensis
strain H69-3. ( ) control, without CaCl2; ( ) 5 mM CaCl2 and ( ▲ )
10 mM CaCl2.

Unlike our results, the activity of CGTases from Bacillus AL-6 (29) was
not inhibited by Fe2+; the same was reported from P. campinasensis strain
324 (B. firmus) (30), B. firmus (42), and B. autolyticus (38). The activity was
increased using the CGTase from Brevibacterium sp. (22) and Bacillus sp. G1



(31). It has been reported that Cu2+ has a significant inhibitory effect on
CGTases from Bacillus AL-6 (29), B. firmus (42), Brevibacterium sp. (11),
and B. agaradhaerens (35), whereas CGTases from B. autolyticus (38) and
P. campinasensis strain 324 (B. firmus) (30) were not inhibited in presence of
the Cu2+ at 2 mM. Also, the CGTase activity from B. agaradhaerens (35),
B. autolyticus (38), and Brevibacterium sp. (11) was maintained in presence
of the Zn2+, Pb2+, and Sr2+, unlike the CGTase from P. campinasensis strain
H69-3. Metal ions such as Hg2+, Ag1+, Zn2+, and Cu2+ have been reported
as inhibitors of thermostable α-amylases. As one of the mechanism of pro-
tein thermostabilization is by formation of disulfite bridges, the presence
of cysteine residues are higher in themostable molecules. These metal
ions (Hg2+, Ag1+, and Cu2+) have affinity to the sulfhydryl groups. So,
these ions inhibit the enzymatic activity of some proteins by oxidation of
the functional cysteine residue groups (43). The almost complete inhibi-
tion of CGTase activity from the P. campinasensis strain H69-3 by Hg2+,
Ag1+, and Cu2+ reinforces the hypothesis that the thiol group is essential
for the enzymatic activity of the CGTase. About the CD type effect on the
CGTase activity, the presence of β-CD and γ-CD has exhibited an
inhibitory effect for the CGTase from B. autolyticus (39). In the case of
CGTase activity from B. agaradhaerens (35), a slight increase in the pres-
ence of β-CD is reported. In common with the studied CGTase, the
majority of the CGTase reported present stimulated activity in the pres-
ence of Ca2+ that also has been reported to be a stabilizer of thermal
denaturation (11,12,21,30,35,38).
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Table 3
Effects of various reagents on CGTase activity 

from P. campinasensis strain H69-3

Reagent (1 mM) Residual activity (%)

None 100
SDSa 70.0
EDTAb 84.0
PMSFc 95.0
Sodium azide 96.5
Sodium m-arsenite 97.0
2-mercaptoethanol 98.0
Dithiothreitol 106.5
α-CD 90.0
β-CD 0
γ-CD 69.0

a Sodium dodecyl sulfate.
bEthylenediaminetetra acetic acid.
cPhenylmethylsulfonyl fluoride.



Conclusions

The CGTase from new producer P. campinasensis strain H69-3 isolated
from soil cassava crop was purified and characterized with molecular weight
of 70 kDa, optimum pH at 6.5, and optimum temperature at 65°C. So, this
bacteria P. campinasensis strain H69-3 proved to be a viable alternative
microorganism for CGTase production. The moderate optimum temperature
and thermostability of the purified CGTase would be advantageous in cer-
tain industrial applications.
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