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ABSTRACT

A Cyclodextrin glycosyl transferase (CGTase) E.C. 2.4.1.19 enzyme is
capable of converting starch and related substrates into o,  and y
cyclodextrinsin different ratio. They are currently seen ashighly interesting
industrial enzymes because of their broad substrate specificity. A positive
alkalophilic strain wasisolated from the soil sample capable of producing
CGTase asBacilluslehensis SV 1 and characterized by 16srDNA studies
and Phylogenetic analysis. The CGTase activity was assayed by
phenolphthalein method using starch as substrate. CGTase was purified
by ion-exchange and gel filtration chromatography. The purified CGTase
was a monomer showed a molecular mass of 40+1 kDa as estimated by
SDS-PAGE and a42.6-fold purification with a29.03% yield. The optimum
pH isat two pH range 5.0 and 8.0 and temperature 60“C. TheK _andV__
wasfound to be 1.03mg/ml and 0.241mg/min respectively. Metal ionslike
MgSO, and FeSO, exhibited highest activity and MgSO, and CaCl,
inhibited CGTase at higher concentrations. The isolated CGTase can be
used in development of drug delivery agents and inclusion complexes.
© 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

Cyclodextrin glycosyl transferaseisaunique ex-
tracellular enzymethat can degrade starch and related
substratesto form Cyclodextrin (CD) as products™.
Cyclodextrin glycosyltransferase (1,4-a-D-glucan-4-
aglycosyltransferase)(CGTase; E.C. 2.4.1.19) ispro-
duced by Thermoanaerobacterium and some spe-

ciesof Bacillus, such as Bacillus megaterium®, Ba-
cillus macerand*®, Bacillus stearothermophilus®,
Bacillus Klebsiellal, Bacillus firmug® and Bacil-
luslentus®.

Cyclodextrins (CD) arenon-reducing cyclic struc-
tures consisting of 6, 7 or 8 glucoseresidues, joined
by a- 1, 4 linkages, forming a, B and OCD respec-
tivelyl9, Their cyclic structure provides an enclosed


mailto:sunilacr@yahoo.co.in

BTAIJ, 6(7) 2012

Sunil SMore et al.

227

————, FyuLL PAPER

gpaceinwhich specific moleculesforminclusion com-
plexes. Hence they are regarded as being superior
molecular complexation agents. They can be synthe-
szed enzymaticdly by cyclodextrin glycosyltransferase
or 1, 4- o -D-glucopyranosyltransferase (CGTase).
CGTaseisaunique enzyme ableto convert starch
and related sugarsinto CD viaacyclization reaction.
Most of these enzymes produce 3 -CD asthe main
product™

Thep -CD isreported to be more suitablefor in-
dustrial use, sinceinclusion complexes can be prepared
easlly and arevery stabledueto their low solubility in
waterl*d, Duetothis property, the CDs are applicable
inmedicine, pharmaceutica, food, cosmeticindustries,
agricultureand for environmental protection™*7, We
haverecently reported, new strain of CGTase produc-
ing bacteriaBacilluslehensis SV 1 classified based on
16srRNA anaysis. Theaim of the present study was
toisolatean alkaliphilic, CGTase-producing bacteria;
purify and characterize CGTasewhich would be useful
inthecontext of industria applications.

MATERIALSAND METHODS

Microor ganisms

Alkaliphilic, CGTaseproducing bacteria, identified
by 16s rDNA and Phylogenetic studies as Bacillus
lehensis SV 1, wasisolated from soil fromtheroot re-
gion of pumpkin. Samplesof 1g of soil weresuspended
in 10ml of steriledistilled water. After soil sedimenta
tion, 0.1 ml of supernatant was used asinoculum.

Screening

Screening was carried out by therapid screening
method*®!. Horikoshi |l agar medium containing (w/v)
1% soluble starch, 0.5% peptone, 0.5% yeast extract
0.1% potassium-di- hydrogen phosphate, 0.02% mag-
nesium sulfate, 0.02% phenol phthaein, 0.01% methyl
orange, 1% sodium carbonate and 1.5% agar-agar. The
medium was adjusted to pH 10.5 so as to isolate
akaliphilicbacterid™®??, 0.1ml of the soil supernatant
wasinocul ated on to the solid medium by the spread-
plate method. The plateswereincubated at 37°C for
24-72 hoursand coloniesthat surround by yellowish
hal o were considered as CGTase producersand were
selected for further study.

Culturemedium

The appropriate carbon and nitrogen sourceswere
selected by varying the components of the Horikoshi’s
medium II. Thedifferent components used were corn
garch, potato starch, hydrolyzed starch and amylopectin
as carbon source and peptone, yeast extract asnitro-
gen and sodium carbonate sourceinindividual flasks.
Soluble starch and peptone gave the best result and so
culture medium of following composition wasused for
enzyme production: 1% soluble starch, 1% peptone,
0.1% potass um-dihydrogen phosphate, 0.02% mag-
nesium sulfate, 1% sodium carbonatewith pH 10.5.

Enzymeassay

CGTase assay was measured by mixing 0.5 ml of
4% solublestarchin 0.05M potass um phosphate buffer
pH 8.0 and 0.5 ml of enzyme CGTasewasincubating
at 60°C for 10 minutes. The reaction was stopped by
boiling for 5 minutes Then 2.5 ml of phenol phthalein
solution was added. Themixturewas|eft at room tem-
peraturefor 15 minutesand thereductionin color in-
tensity was measured at 550 nm in relation to blank
samplecontaining amixture of water and phenol phtha-
lein. Oneunit of CGTasewas defined asthe amount of
enzymethat formed 1umol of B-CD/ml/min.

Protein assay

Thecdl protein content was determined according
to Lowry method using Bovine SerumAlbumin (BSA)
asstandard?Y,

Partial purification of enzyme

Thecdll-freeextract wasused for partia purifica
tion of enzyme. The extract was subjected to ammo-
nium sulfate precipitation. The salt concentration was
raised from 0-70% stepwiseand each fraction, obtained
by centrifugati on and resuspensonin minimum quantity
of buffer, wastested for CGTaseactivity after dialysis
toremovethesalt.

Thecell-freeextract was a so subjected to acetone
precipitation. In this method, 4 timesthe volume of
chilled acetone was added to the extract and it was
alowedto precipitateovernight at -20°C. A pellet was
obtained by centrifugationat 10,000rpm for 10minutes.
Thepdlet wasdissolvedinaminimum quantity of 0.1M
phosphatebuffer (pH 7.0). Thisacetone precipitatewas
used for the characterization of theenzyme.
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Purification by star ch adsor ption

Starch adsorption was carried out as follows?2:
acetone precipitated sample (10ml) wasmixed with 3%
gtarch and ammonium sul phate concentration wasraised
to 20% saturation at 4°C. The solution was gently stirred
for 60 min. The starch (on whichthe CGTase should
adsorb) was collected by centrifugation at 4000g for
20minat 4°C. The pellet was washed twice with 10
mM phosphate buffer (pH 7.0). 1 mM solution of 3-
CD (used to extract adsorbed CGTase) in 10 mM
phosphate buffer (pH 7.0) was added under mechani-
cal stirring at 37 °C for 30 min. This was then centri-
fuged (27000g for 10 min at 4 °C) and the supernatant
wasdidysed overnight against 10 mM phosphate buffer
(pH 7.0) at 4°C.

Purification of CGTase

Purification of CGTase was carried out by the
method of Ferroti et . Theculturefiltratewasfirst
filtered and centrifuged at 5000 rpm, supernatant was
then subj ected to ammonium sulfate precipitation. The
precipitate obtained was dialyzed and lyophilized and
then loaded onto aDEAE-Cellulose anion exchange
column 1.5 x 18 cm, equilibrated with 10mM sodium
acetate buffer (pH 4.5), with alinearly increasing NaCl
concentration gradient (0to 0.5M) in the same buffer.
The six fractions containing CGTase activity were
pooled, concentrated, and dialyzed overnight against
same buffer. Gd filtration chromatography was per-
formed using sephadex G-100 column 2.0 x 40 cm.
The DEAE-purified samplewas|oaded onto the col-
umn and 3mL fraction wascollected. Theduted active
fractionswerediayzed and protein content was deter-
mined by Bradford’s method® with crystallinebovine
serum a bumin asthe standard.

Biochemical characterization
Polyacrylamidegel electrophoresis

To determinethe purity of the protein and itsmo-
lecular weight, sodium dodecyl sulfate polyacrylamide
gel electrophoresiswas performed with a12% poly-
acrylamide gel and protein wasvisualized by staining
thegd with silver staining! for determining homoge-
neity and relative mol ecular mass using standard mo-
lecular weight markers (Genel IndiaPvt. Itd). Native
PAGE wasperformed at room temperaturewith 12%
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gel. After electrophoresis, the slab gel swere subjected
totheactivity staining for theCGTaseand it wasfixed
with asolution containing 10% (v/v) acetic acid and
40% methanol (v/v).

The SDS-discontinuous buffer system was per-
formed based onthemethod of Laemmli?4. A 12%re-
solving gel was used to separate the proteins in our
sample. After completion of eectrophoress, thegd was
subjectedtosver ganing. Themolecular waght marker
used contained Myosin, Rabbit Muscle (205,000),
Phosphorylase b (97,400), Bovine Serum Albumin
(66,000), Ovalbumin (43,000), and CarbonicAnhydrase
(29,000). The CGtase Zymogramwas performed using
adiscontinuousbuffer sysemwith 12%resolving gel®.

Effect of temperatureon activity and stability of
enzyme

Theenzymewasincubated at different tempera-
turesbetween 30-80°C and the activity at optimum tem-
perature was determined by Phenol phthalein assay
method. Therma stability was determined by incubat-
ing enzyme at temperatures between 30-80°C for 1
hour. Activity wasdetermined by phenolphthalein as-
say method.

Effect of pH on activity and stability of enzyme

The optimum pH of the enzyme. Was determined
by using buffersranging from 3-10. Stability of theen-
zymewasdetermined by incubating 0.5ml of enzymein
buffer of different pH rangefor 60 minand activity was
determined by phenol phtha ein assay method.

Effect of metal ionson theactivity of CGTase

The enzymewasincubated with different divalent
cationslike Fe?*,Ca*, Mg? ,Mn?*,Cu?*,Zn?* and ac-
tivity wasmeasured using starch as substrate

Kinetic parameters

TheK andV__ wasdetermined by incubating
0.5ml of enzymewith starch substrate (soluble, corn
and potato) at different concentrations (2-20mg/ml) in
phosphate buffer of pH 8. The assay was performed
accordingto standard enzymeassay. K _andV __ was
determined by Lineweaver Burk Plot!,

Effect of group specificreagentsand inhibitorson
enzymeactivity

The enzyme was incubated with different com-
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poundslikeHgCl, EDTA, lodoaceticacid (IAA), Urea,
N-Acetylimidazole (NAI), Sodium azide (NaN,), So-
dium dodecyl sulphate (SDS), N-p-Toluenesulfonyl-L-
phenylalanine chloromethylketone (TPCK),
Dithiothreitol (DTT), N-p-toluenesulfonyl-L-lysine
chloromethylketone (TLCK) and phenyl methyl
sulphonyl fluoride (PM SF) to know the active site
aminoacidintheenzyme.

RESULTSAND DISCUSSION

I solation of CGTaseproducingbacteria

Alkalophilic CGTase producing bacteriawasiso-
lated from soil sample present in the root region of
pumpkin, suspendedin salineand the supernatant was
spread on the surface of plate containing Horikoshi 11
agar medium. The plateswereincubated at 37°C for
24-72 hoursand coloniesthat weresurrounded by yel -
lowish halo dueto phenol phthal ein—cyclodextrin (CD)
complex (Figure 1) weretreated toisolate pure bacte-
rial cultureand selected for further study. Thebacteria
wasidentified by 16srDNA sequencedata (1512 bp)
and phylogenetic tree analysisthat, theisolated strain
has close resemblancewith BacilluslehensisMLB-2
with thesimilarity of 99%. Therefore, theorganismis
named asBacilluslehensisSV 1.

Figurel

Effect of carbon and nitrogen sour ces
B. lehensis SV 1 wasinocul ated into mediacon-

taining variouscarbon and nitrogen sourcesand it was
found by the phenol phthalein assay that maximum
CGTaseproduction occurredin the presenceof soluble
starch ascarbon source and in the presence of peptone
asnitrogen sources. These were selected asthe com-
ponents of the submerged fermentation medium so as
to optimizeenzyme production.

Timecour seof enzymeproduction

The organism wasgrown in submerged fermenta
tion medium described earlier. Submerged fermenta-
tion wasused asit hasbeen found to be the most suc-
cessful and simple method of producing an extracel lu-
lar enzymein bulk. Solid state fermentationshaveaso
been deemed asuccessful strategy for enzyme produc-
tion, but many studies have not been conducted onthe
samein context of CGTase. Theenzymewas assayed
day wiseand maximum enzymeactivity intermsof the
production of B-CD was seen on the 8" day after in-
oculation withthe organism, as assayed by the phenol-
phthalein method (shown in Figure 2). The broth was
harvested on thisday and cell freeextract was obtained
by removing the cellsthrough centrifugation. Thisex-
tract was used for further studiesontheenzyme. It was
found that the organism did not produce a- or y-CDs
by the methods used in this study. Thisis significant
because production of asingle CD asaproduct would
reducethe purification stepsinvolved in separating the
three CDsfor industrid use.

Time course for CGTase production

) N\
/// \ —+—enzyme activity
/

—

1 2 3 4 5 6 7 8 9 10

Figure2

Relative activity %

Enzymepurification

The enzyme was partially purified by acetone
preci pitation and further purified by the starch adsorp-
tion method. Thetotd activity, specificactivity, fold pu-
rification and yield of each fraction are asshown in
TABLE 1. After purificationto homogeneity with the
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starch adsorption method, followed by ion exchange
chromatography on DEAE cdluloseand Gel filtration
chromatography on sephadex G-100, the specific ac-
tivity was 165.2 U/mgand thefold purification andyield
were 42.6 and 29.03 % respectively. Other methods
of purification?”-3 that havebeen utilizedinclude afin-
ity chromatography, ion exchange chromatography, ul-
trefiltration, gd filtration, etc. On comparisonwith pre-
vious studies, it was found that the yield obtained
through starch adsorption followed by 1on exchange

and Gl filtration was appreciable, particularly in light
of theease of the purification technique.

The purified enzymewas homogenous showing a
singleband on SDS-PAGE (Figure 3). On comparison
with standard molecul ar weight markers, the apparent
mol ecular weight wasfound to beapproximately 40+
1 kDa. It was also found that the enzyme wasamono-
mer through SDS-PA GE under reducing conditions
(Figure 4). Previous studies®*! have reported
CGTases having molecular weights in the range of
33kDato 200kDa. Both monomeric and dimericforms
of CGTases have been reported. Dimeric forms re-
ported haveahigher molecular we ght of approximatdy
70kDaand above.

CGTAse

Figure3 Figure4d
TABLE1
. Volume Total Activity Total Protein Specific Fold .

Fraction (M) (umol/min) (mg)  Activity (Uimg) Purification ' '9d
Cell Free Extract 100 89.38 15.72 5.69 1 100%
Acetone Precipitate 10 61.14 4.02 15.2 2.67 68.4%
Purified by starch adsporption 5 44.19 3.8 98.64 17.34 49.44%
lon Exchange chromatography 35 32.3 31 114.4 36.02 20.10
Gel filtration chromatography 3.0 38.1 3.0 165.2 42.6 29.03

Zymogram

A zymogram was performed to demonstrate the
activity of theenzymethrough anative PAGE. Thegel
was stai ned withiodine-potassiumiodide sol ution and
clear bandswerevisualizedin all thelanesat the posi-
tioninthegel wherethe enzymehasdegraded starch,
as(showninFigure5). Zymogram displayed clearance
zoneswhere CGTasewas present. The DNS method
was used to rule out presence of any other amylolytic
enzymesinthesample.

Enzymecharacteristics
Kineticparameters
The Km parameter iscorrel ated to the affinity of

Figure5
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theenzymefor itssubstrateand it dependson thesources
of theenzymeand substrate. Thekm and VVmax values
for purified CGTasefrom B.lehensisSV1 with soluble
starch as substrate were found to be 1.03mg/ml and
0.241 mg/min respectively, asdetermined by the LB-
plot shown in Figure 6. There have been several re-
ported Kmvauesfrom various CGTaseswhen soluble
starch was used asthe substrate, such asCGTasefrom
Bacillussp. G1, 0.15 mg/mL®; B. firmus, 1.21 mg/
mL©E; K. pneumoniae AS-22, 1.35 mg/mL[™. This
showsthat theisolated CGTase hasarelatively high
affinity for solublestarch.
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> /-
:T 4“//
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/// 3
Y
/.;/ 2
rd 1
/./
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-1.5 -1 -0.5 4,9 0.5 1
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Figure6
Effect of temperature

The effect of temperature was determined for puri-
fied enzyme. Theoptimum temperature of B.lehensis
SV 1 wasfound to be 60°C using solublestarch as sub-
srate (Figure 7). Previous studies havereported simi-
lar resultsin alkaliphilic Bacillus pseudal caliphilus
20RF=¥, Bacillus sp.* and Bacillus sp. G119, In
comparison Bacillus sp. C26 was active at 65°C,
K.PneumoniaeAS-22 at 45°C!", B.alkalophilic CGl|
at 55°CP and broad range of activity between 45°C-
70°C2%, The enzyme was stable in the temperature
range of 30°C -50°C (shown in Figure 6) similar to
Bacillussp. C267.

Effect of pH

Theeffect of pH on enzymeactivity wasdetermined
for partially purified enzyme. The optimum pH of
B.lehenssSV 1 wasfoundto be both pH 5and 8 using
solublestarch as substrate (Figure 8). Previousstudies
havereported CGTase activity from Bacillussp showed

two peaks at pH 5 & 8.5, In Bacillus firmus®, B.
firmus NCIM 511939 pH optimawas 6 and 9. The
established two pH optimamay have been caused by
the subtle structurd change dueto akaline pH. Prob-
ably, substrate-binding modes of the enzyme may be
differentt®). CGTasefrom alkaliphilic Bacillus sp. G-
825-6 exhibited two pH optima 6 & 919,

The enzymewas stable between pH 6-8. Previous
studieshave shownin K.PneumoniaeAS-22, theen-
zymewas stable between pH 6-97. In Bacillussp C26
the enzyme was stable over the wide pH range of 7-
924 andin dkaliphilic Bacilluspseudal caliphilus 20RF
theenzymewas stablein the pH range of 5-117,

0.13
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E
= 0.12
::-.
Z 0.115
z
<
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0.105
30 40 50 60 70 80
Temperature °C
Figure?7
0.07
0.06
E oos
~
o 0.04
>
=
'2 0.03
0
0.02
<
0.01

pH

Figure8
Effect of metal ions
CGTase activity was measured in presence of di-
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valent metal ions such as ZnSO,, MnSO,, FeSO,,
CuSO,, MgS0O, & CaCl, at 2mM and 10mM con-
centration (Figure9). At 2mM concentration, thehigh-
est activity was observed in presence of MgSO, and
FeSO,/" inB.lehensis SV 1(Figure 9). At high concen-
tration of 10mM MgSO, and CaCl, inhibitstheenzyme.
Presenceof Metd ionssuch asMg?* and Fe** increased
CGTase production. Magnes umwasessentid for bac-
terial growth and iron for CGTase production asre-
ported in case of Bacillus firmud®, B.stearother-
mophilus B.autolyticus and Bacillus sp respec-
tivelyi*39, At 10mM concentration MgSO4 and CaCl,
wasfoundtoinhibit theactivity of CGTase. (Figure 10).
In comparison Cu?* hasasignificant inhibitory effect on
CGTases from Bacillus AL-6*1, B. firmus®, B.
agaradhaerens“y, Unlike the enzyme from B.
pseudal caliphilus 20RF which retained 90% of its
activity inthe presence of Cu?42,

0.18
0.16
0.14
0.12

(U/ml)

=
i

" 0.08
0.06
0.04
0.02

0

Activity

ZnS04 MnS04 FeSO4 CuS04 MgS04 CaCl2

Metal ions at 2mM
concentration
Figure9

0.18
0.16
0.14
0.12
0.1
008
0.06
0.04
0.02

Activity (U/ml)

InS04  MnSD4  FeSO4  CuSO4 MgSC4  CaCl2

Metalions at 10mM concentration
Figure 10
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Effect of group specificreagentsand potential in-
hibitors

EDTA, Urea, NAI, NaN,, SDS, STT and TLCK
activated the enzyme while IAA, TPCK and PM SF
showed inhibitory effects. HYCl,, had no effect onen-
zymeactivity (Fgure1l). Onstudying theeffect of group
specific reagents; it wasfound that IAA, TPCK and
PM SF haveaninhibitory effect on CGTase. IAA and
TPCK act on histidineand cysteineresiduesby akyla-
tion. Sinceit hasbeen reported in previous studiesthat
histidine is an essential amino acid for activity of
CGTasg, itispossiblethat our result wasduetoinacti-
vaion of thehigtidine. Inactivationwasasoseenincase
of PM SFwhich actson serineresidueswhich hasalso
beenimplicated asan important amino acid for enzyme
activity in previousstudies®.

180 1
160 A
140 -
120 A
100 -

80 -

60 -

40 A
20 A

0 ¥ r— —

% Enzyme activity

Reagents

Figure 11

CONCLUSION

The CGTase producing akalophilic Bacteriawas
isolated and identified asBacilluslehensisSV1. The
culture conditionsfor growth and productionwereop-
timi zed based on carbon, nitrogen and Sodium carbon-
ate source. The enzyme purification was achieved by
acetone precipitation, ion-exchange, gd-filtration chro-
matography and starch adsorption methods. The puri-
fied CGTasewasamonomer showed amolecular mass
of 40+1 kDaas estimated by SDS-PAGE and a46.6-
fold purificationwith a29.03%yield. The present en-
zymefrom B.lehensishasatemperature optimum at
60°C, stable between 30°C-50°C, pH optima 5 & 8,
stablein pH range of 6-8, High activity in presence of
Mg? and Fe?* metd ions, inhibition by Mg?* and Ca*
and Kmof 1.08mg/ml rdlatively highaffinity for soluble
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starch. The present organism can be used for CD pro-
duction, in development of drug delivery agentsand
inclusoncomplexes.
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