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Abstract The amylopullulanase of Geobacillus thermoleovorans NP33 (apu105) is Ca2+-
independent with a molecular mass of 105 kDa and optimum activity at 80 °C and pH 7.0. The
apu105 is extremely thermostable with T1/2 of 7.8 h at 90 °C and hydrolyzes starch, pullulan,
and malto-oligosaccharides, but not panose and cyclodextrins. The low Km values of apu105
(starch, pullulan, amylose, and amylopectin) indicates higher affinity of apu105 than others.
The action of the enzyme on mixed substrates (starch and pullulan) confirmed the presence of
only one active site for cleaving both α-1,4- and α-1,6- glycosidic linkages. The raw starches
are efficiently hydrolyzed into glucose, maltose, and malto-oligosaccharides. Two-step starch
saccharification involving pretreatment with apu105 followed by glucoamylase enhanced
glucose yield. The supplementation of whole wheat dough with apu105 markedly enhanced
the loaf volume, shelf-life, and the texture of bread. The enzyme is compatible with detergents
and useful in desizing of cotton fabrics.
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Introduction

Amylopullulanase (E.C. 3.2.1.1/41) is a debranching and endo-acting enzyme that cleaves
both α-1,4- and α-1,6-glycosidic linkages in starch, amylose, amylopectin, and glycogen, and
α-1,6- linkages in pullulan. This belongs to the family of glycoside hydrolases (GHs)
organized in the sequence-based classification of carbohydrate active enzymes.
Amylopullulanases are divided into two subgroups based on the number of active sites for
the hydrolysis of α-1,4- and α-1,6-glycosidic bonds [1]. Amylopullulanases from thermophilic
anaerobes possess a single active site [2–4], while aerobic microbes produce
amylopullulanases that contain either one [5, 6] or two active sites for cleaving α-1,4- and
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α-1,6-glycosidic linkages [7, 8]. Amylopullulanases possessing two active sites, each being
specific for one bond type, are often referred to as α-amylase pullulanases [7].

The bifunctional amylopullulanases find application in starch saccharification for the
production of maltose and maltotriose syrups [9]. Amylopullulanases can replace other
amylolytic enzymes like α-amylases, β-amylases, and pullulanases that are presently
employed in the starch conversion [10], and thus, can act alone in both liquefaction and
saccharification of starch. The enzyme should, however, be thermostable and Ca2+-indepen-
dent. The α-amylases that are currently used in the food industry require Ca2+ for their activity
and/or stability, and thus, are Ca2+-dependent. The Ca2+ must be removed from the product
streams because Ca2+ inhibits glucose isomerase used in the final step of isomerization of
glucose to fructose and can also lead to the formation of calcium oxalate, which clogs heat
exchangers and pipes over time [11, 12]. Furthermore, the removal of Ca2+ from the product
streams by ion exchangers adds to the cost of the process.

The thermostable amylopullulanases have a potential application in the baking industry as
an antistaling agent. Bread staling is a term used to refer to the undesirable changes that occur
upon storage of bread, like the increased crumb firmness associated with the loss of crispness
of the crust and decreased moisture content of the crumb as well as loss of bread flavor.
Staling, which occurs because of the retrogradation of amylopectin, can be retarded by
shortening the amylopectin chain length [13]. The amylopullulanases tend to decrease the
stickiness of the bread associated with the production of branched maltodextrins by the α-
amylases used in bread making [13]. With the growing demand for fiber-rich nutritional foods,
the whole wheat bread is getting increasingly popular. Whole wheat bread is made from the
bran, germ, and endosperm (starch) of the whole wheat. While white bread uses only the
endosperm and is deficient in fiber, vitamins, minerals, and phytonutrients of the whole wheat.

Desizing refers to the process of pretreatment of cotton fabrics and cotton blends so as to
prepare the fabric for dyeing and subsequent stages of processing. It is performed as a first step
in the pretreatment of cotton fabrics or after singeing. The cotton fabrics contain different metal
ions, usually Ca2+ and Mg2+ in substantial amounts. Most of the currently used α-amylases in
desizing of cotton fabrics are calcium-dependent and, therefore, would reduce the desizing
efficiency [14]. The calcium-independent enzymes can, therefore, act as efficient desizing
agents. The enzymes can also be employed for enhancing the wash performance of the
commercial detergents [1] by degrading the residues of starchy food.

This extremely thermophilic bacterium Geobacillus thermoleovorans NP33 has been
reported earlier to produce an amylopullulanases of 45 kDa [15] and another with a molecular
mass of 182 kDa [16], suggesting that the bacterium possesses multiple amylopullulanases. In
this investigation, still another highly thermostable amylopullulanase with a molecular mass of
105 kDa (apu105) is being reported for the first time from this bacterium. The enzyme has
been purified and characterized, and has been shown to be useful in the saccharification of
soluble and raw starches, whole wheat bread making, desizing of cotton fabrics, and detergent
formulation.

Materials and Methods

Bacterial Strain

The extremely thermophilic bacterium used in this investigation was isolated from a hot water
spring sample collected from Waimangu volcanic valley, New Zealand, and was identified
using polyphasic approach as G. thermoleovorans and designated as G. thermoleovorans
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NP33 [17]. The 16S rDNA sequence has been deposited at NCBI GenBank (accession no.
JQ343209), and the culture has been deposited at Microbial Type Culture Collection Centre,
Institute of Microbial Technology, Chandigarh, India (MTCC 4219). The bacterial strain has
been routinely cultivated in a synthetic complex medium at 70 °C and 200 rev min−1 in shake
flasks [15].

Enzyme Assays

The α-amylase and pullulanase activities were determined by quantitating reducing sugars
liberated during enzyme-substrate reaction using dinitrosalicylic acid (DNSA) reagent [18].
The enzyme reaction was performed at 80 °C for 20 min using soluble starch/pullulan as
substrate for determining α-amylase and pullulanase activities, respectively. One unit of the
enzyme is defined as the amount of the enzyme that liberates 1 μmol of reducing sugars as
maltose per minute under the assay conditions. As the digestion product of enzyme hydrolysis
was mainly composed of maltose, a maltose standard curve was constructed with different
concentrations of maltose. The zones of clearance on starch agar [0.5 % starch with 1.5 % agar
dissolved in sodium phosphate buffer (100 mM, pH 7.0)] and pullulan-azure agar plates [0.5 %
red pullulan (Megazyme) with 1.5 % agar dissolved in sodium phosphate buffer (100 mM,
pH 7.0)] were used for the qualitative detection of α-amylase and pullulanase activities. The
concentration of protein was determined according to Lowry et al. [19].

Purification of apu105

G. thermoleovorans NP33 was cultivated in a complex synthetic medium (g l−1: 30.6 starch,
4.2 yeast extract, 1.0 (NH4)2SO4, 0.3 MgSO4, 1.0 NaCl, 2.3 K2HPO4, and 1.0 maltose,
pH 7.0) in 2 l flasks containing 400 ml liquid medium for 20 h at 70 °C and 200 rev min−1

in an incubator shaker [15]. The cells were harvested by centrifugation at 18,320×g for 30 min
at 4 °C, and the culture supernatant was used for enzyme purification.

Proteins were precipitated by the addition of acetone (70 % saturation) to the culture filtrate
with constant stirring. The precipitate was collected by centrifugation at 21,650×g for 30 min
and made acetone free at 4 °C overnight. The precipitate was dissolved in 50 mM Tris–HCl
(pH 8.5) and dialyzed overnight against this buffer at room temperature and filtered using a
0.2-μm membrane. The concentrated enzyme solution was applied onto ResourceTM Q
column (Pharmacia Biotech) [1.6×5 cm] previously equilibrated with 50 mM Tris–HCl
(pH 8.5) in a fast performance liquid chromatography (FPLC) system [AKTA primeTM PLUS,
GE Healthcare, Bio-Sciences, Uppsala, Sweden]. The protein was eluted using a linear
gradient of 0–1,000 mM NaCl at a flow rate of 0.5 ml min−1. The fractions were checked
for both α-amylase and pullulanase activities, and loaded on SephacrylTM S-200 high resolu-
tion (Pharmacia) column (16/60) previously equilibrated with 50 mM Tris–HCl (pH 8.5) with
a flow rate of 0.4 ml min−1 and analyzed on sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (12 %) for the purity. The purified fraction with both α-amylase
and pullulanase activities was pooled and dialyzed against 100 mM sodium phosphate buffer
(pH 7.0) and concentrated using centricon tubes with 10 kDa cutoff membrane.

Molecular Mass Determination of the Purified Protein by Gel Filtration

The molecular mass of the purified enzyme was determined by using gel filtration chroma-
tography column [SephacrylTM S-200 high resolution (Pharmacia) column, 16/60] previous-
ly equilibrated with the sodium phosphate buffer (100 mM, pH 7.0). The fractions (1 ml)
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were eluted at 18 ml/h. Cytochrome c (12.4 kDa), carbonic anhydrous (29 kDa), bovine
serum albumin (66 kDa), yeast alcohol dehydrogenase (150 kDa), and sweet potato β-
amylase (200 kDa) were used as molecular weight standards for determining the molecular
mass of the enzyme on a semi-log graph by plotting Ve/Vo on x-axis and molecular weight
on y-axis.

Identification of Amylolytic and Pullulanolytic Activities by Zymography

The α-amylase and pullulanase activities of amylopullulanase were identified through native
polyacrylamide gel electrophoresis and SDS-PAGE by incorporating substrate [soluble starch
(Sigma)/red pullulan (Megazyme)] in the gel at 5 mg ml−1. After electrophoresis, the gel was
transferred to 100 mM sodium phosphate buffer (pH 7.0) and incubated at 80 °C for 4 h. The
clear zone of starch hydrolysis was visualized by flooding the gel with Lugol’s iodine, while
the pullulanase activity was detected by the yellowish white band against the red background
on polyacrylamide gel.

Isoelectric Focusing and Peptide Finger Printing

Isoelectric focusing of the pure enzyme was carried out on a polyacrylamide gel (6 %) using
2 % (w/v) ampholyte (pH range, 3.0–10.0; Bio-Rad) under native conditions. Two microliters
of the purified apu105 (6 μg) was loaded on the gel in a separate lane to that of the pI ladder.
After electrophoresis, the gel was focused on a MiniIEF cell (Bio-Rad, USA) at 4 °C according
to the manufacturer’s instructions. The gel was then stained with Coomassie Brilliant Blue to
visualize the bands.

The peptide mass spectrometric analysis of the pure protein eluted from SDS-PAGE gel
was performed by MALDI-ToF-MS/MS (Agilent 1100 series) at the Proteomics Facility,
National Institute of Plant Genome Research (NIPGR), New Delhi. The peptide sequences
generated were analyzed using the Mascot search algorithm data of NCBI and searched in the
Swiss Prot databases.

Substrate Specificity and Kinetics of apu105

The substrate specificity of the enzyme was assessed by incorporating different soluble and
raw substrates (starch, pullulan, amylose, amylopectin, glycogen and cyclodextrins, and raw
wheat, rice, water chestnut and corn starches, 0.5 %) in the reaction mixtures. The enzyme
reaction was performed at 80 °C for 20 min in 100 mM sodium phosphate buffer (pH 7.0) and
the enzyme activities were determined.

The enzyme kinetics studies were performed by determining the velocities of the enzyme
reactions at 15 different concentrations (0.25 to 7 mg ml−1) of soluble starch, pullulan,
amylose, and amylopectin. The apparent Michaelis constant (Km) and the maximal velocity
(Vmax) of the enzyme activities were calculated by fitting the initial velocities and substrate
concentrations into the Michaelis-Menten equation using Lineweaver-Burk and Hanes-Woolf
plots.

The enzyme reactions were also performed by mixing varied concentrations of pullulan (0.5
to 3.5 mg ml−1 with an increment of 0.5 mg ml−1) to a fixed concentration of starch (0.5 or
1.75 mg ml−1) in order to determine whether the enzyme has a single active site or dual active
sites for cleaving α-1,4- and α-1,6-glycosidic linkages. The initial velocities were estimated
for combinations of starch and pullulan, and were plotted against the total substrate concen-
tration ([S]/V vs [S] plot or Hanes-Woolf plot).
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Thermodynamics of Soluble Starch and Pullulan Hydrolysis

Thermodynamic parameters for soluble starch and pullulan hydrolysis were determined by
rearranging the Eyring’s absolute rate equation from the transition state theory [20]:

kcat ¼ kb:T=hð Þe −ΔH=RTð Þe −ΔS=RTð Þ ð1Þ
where h is the Planck’s constant(6.626×10−34 J s), kb is the Boltzmann constant (1.381×
10−23 J K−1), R is the gas constant (8.314 J K−1), T is temperature in Kelvin,ΔH is the change
in enthalpy of activation, and ΔS is the entropy of enzyme activation.

The activation energy (Ea) required for starch and pullulan hydrolysis was determined by
Arrhenius plot [21]. The enthalpy change (ΔH), entropy change (ΔS), and free energy change
(ΔG) values were calculated using the following equations:

ΔH ¼ Ea�RT ð2Þ

ΔG free energy of activationð Þ ¼ − RT ln kcath=kbTð Þ ð3Þ

ΔS ¼ ΔH�ΔGð Þ=T ð4Þ

Effect of pH and Temperature on Enzyme Activity and Stability, and Determination
of Temperature Quotient (Q10)

The substrates (starch and pullulan, 0.5 %) were separately dissolved in buffers of varying pH
values [sodium acetate buffer (100 mM, pH 4.0–5.0), sodium phosphate buffer (100 mM,
pH 6.0–8.0), and glycine-NaOH buffer (100 mM, pH 9.0)] and were used in reaction mixtures
with the suitably diluted enzyme solutions prepared in the desired buffers to measure the
optimum pH for α-amylase and pullulanase activities, respectively. The pH stability of the
enzyme was determined by incubating the enzyme dissolved in buffers of varying pH values
(3–9, 100 mM) for 2 h at 80 °C and assaying the residual enzyme activity. The optimum
temperature for α-amylase and pullulanase activities of apu105 was assessed by assaying the
enzymes at various temperatures (30–100 °C) in 100 mM sodium phosphate buffer, pH 7.0.
The assay was performed using soluble starch and pullulan (0.5 %) as substrates for α-amylase
and pullulanase activities, respectively.

The effect of temperature on the reaction rate was expressed in terms of temperature
quotient (Q10), the factor by which the rate of reaction increases by 10 °C rise in temperature.
Q10 was determined according to [22].

Q10 ¼ antilog Ea � 10=RT2
� � ð5Þ

Thermal stability of apu105 was determined by incubating the enzyme (100 mM sodium
phosphate buffer, pH 7.0) at different temperatures (70–100 °C) over a period of 24 h. The
samples withdrawn periodically were used in α-amylase and pullulanase assays at 80 °C and
the residual enzyme activities were determined.

The residual activity is directly related to the deactivation rate constant (Kd), which follows
first order kinetics.

dE=dt ¼ −KdE or ln Et=Eo½ � ¼ −KdE ð6Þ
where Kd is the deactivation rate constant and t is the time. Kd is determined from the plot of
ln[Et/Eo] vs t, where Kd is the slope of the plot.
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Half-life (T1/2) of the enzyme is calculated from Kd values using the equation,

T 1=2 ¼ ln2=Kd ð7Þ

Effect of Metal Ions, Inhibitors, and Surfactants on the Activity of apu105

Cations in the form of chloride/sulfate salts (CaCl2, CuSO4, CoCl2, HgCl2, BaCl2, MnCl2,
PbCl2, FeSO4, ZnCl2) and different modulators like ethylenediamine tetraacetic acid (EDTA),
ethylene glycol-bis(2-aminoethylether)-N,N,N′,N′-tetraacetic acid (EGTA), ethyl-3-(3-dimeth-
yl aminopropyl)carbodiimide (EDAC), Woodward’s reagent K (WRK), dithiothreitol (DTT),
phenyl methyl sulfonyl fluoride (PMSF), iodoacetate (IAA), N-bromosuccinimide (N-BS), N-
ethylmaleimide (NEM), cyclodextrins (α, β, and γ) at 1 and 5 mM, as well as various ionic
and non-ionic detergents, SDS (1 %), and Triton X-100 (0.1–0.2 %) were incorporated into the
reaction mixtures and incubated for 30 min in 100 mM sodium phosphate buffer at 30 °C. The
residual α-amylase and pullulanase activities of apu105 were determined under optimal
conditions.

End Product Analysis

The hydrolysis products of the enzyme-substrate reaction (0.25 mg enzyme and 0.5 %
substrate) were assessed on thin layer chromatography (TLC). The reaction was carried out
by incubating the reaction mixture at 80 °C for 1 h. The substrates used were starch
(5 mg ml−1), pullulan (5 mg ml−1), panose (10 mg ml−1), maltose (10 mg ml−1), maltotriose
(10 mg ml−1), maltotetraose (10 mg ml−1), maltopentaose (10 mg ml−1), amylopectin
(5 mg ml−1), amylose (5 mg ml−1), and glycogen (10 mg ml−1) dissolved in sodium phosphate
buffer (100 mM, pH 7.0). The reaction was stopped by incubating at −20 °C. Glucose,
maltose, maltotriose, maltotetraose, maltopentaose, and panose (10 μg each) were used as
standards. The TLC plates [silica gel 60 plates (Merck, Darmstadt, Germany)] were developed
in butanol/ethanol/water (5:3:2) solvent system and air-dried at room temperature for over-
night. Thereafter, the plates were sprayed with aniline diphenylamine reagent and incubated in
an oven at 100 °C for an hour. The individual sugars were identified as blue spots against white
background.

Applicability of Enzyme in Starch Saccharification

The applicability of apu105 in starch saccharification was analyzed by subjecting different
starches (raw and soluble starches, 20 % w/v) prepared in sodium phosphate buffer (100 mM,
pH 7.0) for gelatinization at 105 °C for 10 min. Thereafter, the starch slurry was cooled to
80 °C and incubated with apu105 (20 U g−1 of starch) at 80 °C for 2 h. Aliquots were drawn at
intervals of an hour and the reducing sugars liberated were determined. The percent sacchar-
ification of starch was obtained using the formula:

% starch hydrolysis ¼ reducing power as maltose μg=mlð Þ � 0:95 � 100

initial weight of starch μg=mlð Þ

where the factor 0.95 normalizes the conversion for the weight gain caused by the addition of
water molecule [23].

The percent starch saccharification for raw starches was also determined by using
glucoamylase alone (10 U g−1 of starch) and in combination with α-amylase (20 U g−1 of
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starch) and apu105 (20 U g−1 of starch) after starch gelatinization at 105 °C for 10 min.
Glucoamylase was produced by cultivating Thermomucor indicae-seudaticae in sucrose/yeast
extract broth at 40 °C and 250 rpm for 40 h [24] and α-amylase was obtained from the
extracellular broth of G. thermoleovorans NP54 culture grown in starch/yeast extract/tryptone
medium for 14 h at 70 °C and 200 rpm [25]. The pretreatment of starch with α-amylase and
apu105 was performed for 3 h at their respective temperature optima (100 and 80 °C) prior to
starch saccharification by glucoamylase at 60 °C. The aliquots were drawn at desired intervals
and the percent starch saccharification was calculated.

Applicability in Whole Wheat Bread Making

The dough was prepared by mechanically mixing wheat flour (300 g), dry yeast (10 g), NaCl
(4.0 g, w/v), 5.0 U g−1 of amylopullulanase, and 60 % (w/v) water for 30 min. The dough was
kept undisturbed for 1 h (proofing), followed by fermentation for 1 h, and baked at 240 °C for
20 min before cutting into shapes. The process was performed in the presence of apu105 of
G. thermoleovorans NP33 (test) and with the commercial α-amylase (control). The breads
made were then checked for reducing sugars, protein and moisture contents, softness, and
shelf-life.

The reducing sugars liberated by the action of apu105 on wheat flour in the bread were
detected on TLC. The control and test breads were suspended in deionized water (1 mg ml−1)
for 20 min, and the supernatants after centrifugation were analyzed for reducing sugars on
silica gel 60 plates (Merck, Darmstadt, Germany) and quantitatively assayed using DNSA
reagent.

Applicability in Desizing of Cotton Fabrics

The enzyme dosage, incubation time, temperature, and pH on desizing of the fabrics were
determined by measuring the weight loss of the fabric and desizing efficiency in terms of the
starch content before and after the enzyme treatment.

The loss in weight of the cotton fabric (5×5 cm) after the enzyme treatment was determined
according to the Eq. (8) [1]:

Wt% ¼ W 1�W 2ð Þ=W 1 � 100 ð8Þ

where W1 and W2 are the weights of the cotton fabric before and after the enzyme treatment/
desizing, respectively. Prior to the measurement of dry weight of the treated fabric, these are
thoroughly washed, dried at 105 °C to constant weight, and cooled.

The starch content of the cotton fabric before and after the enzyme treatment was deter-
mined according to [26]. The desizing efficiency was determined using Eq. (9):

Desizing %ð Þ ¼ W 0�W 1ð Þ=W 0 ð9Þ

where W0 and W1 are the amount of starch for control and desized fabric, respectively.

Applicability as a Detergent Additive

The stability of the enzyme with commercially available detergents was assessed by incubating
the enzyme (0.5 mg) with detergents (1 %) [Ariel and Tide (Procter and Gamble, India), Ghari
(Rohit Surfactants Private Ltd., India), and Surf Excel, Rin, and Wheel (Hindustan Unilever
Ltd., India)] for different time intervals (0.5 to 3 h) at 80 °C and determining the residual
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enzyme activity. Prior to use, the detergents were boiled for 30 min to inactivate the enzymes
present in them.

Wash performance analysis of the apu105 purified enzyme was assessed on white cotton
cloth (8×8 cm) which was stained with starchy food overnight. Separate sets of experiments
were conducted to evaluate its applicability as a detergent additive: (a) flask containing
distilled water (100 ml) and stained cloth; (b) flask containing distilled water (100 ml), stained
cloth, and Rin detergent (1 % w/v); (c) flask containing distilled water (9.9 ml), stained cloth,
and 0.1 ml apu105 (100 units ml−1); and (d) flask containing distilled water (9.9 ml), stained
cloth, Rin detergent (1 % w/v), and 0.1 ml apu105. The experiments were carried out at 45 °C
for 30 min in an incubation shaker (100 rev min−1), and thereafter, the cloth pieces were rinsed
with cold water and air-dried. The wash performance was determined by measuring relative
reflectance of dried cloth pieces using Reflectance meter (Model No. UEC 1018, Universal
Cooperation, India) against the untreated control.

All experiments were carried out in triplicate and the average values with standard deviation
are presented.

Results and Discussion

Purification of Amylopullulanase, Isoelectric Point, and MALDI-ToF Analysis

The α-amylase and pullulanase activities of the apu105 were highest in the supernatants
obtained after cultivating the bacterium for 20 h at 70 °C (pH 7.0). The crude enzyme
was purified by acetone precipitation followed by anion exchange and gel filtration
chromatography. The fraction containing apu105 was eluted as a single peak by anion
exchange chromatography and was devoid of almost all protein contaminants (Fig. 1). A
26.8- and 35.7-fold purification with 23.88 and 19.07 % yield was attained after anion
exchange and gel filtration chromatography, respectively (Table 1a, b). The enzyme
fraction displayed homogeneity on SDS-PAGE with a molecular mass of around
105 kDa (Fig. 2a, b). Zymogram analysis helped in identifying α-amylase and pullulanase
activities of apu105 (Fig. 2b, c). The molecular mass of the enzyme determined by
Sephacryl S-200HR (16/60) gel filtration is also the same, and thus the enzyme is a
monomer (Fig. S1). The molecular mass of apu105 is close to that reported from
Geobacillus stearothermophilus strain L14 [27] and Lactobacillus amylophilus GV6
[28]. Large variations in the molecular masses of amylopullulanases from different
microbial sources have been reported: Anoxybacillus sp. SK3-4 (225 kDa) [29],
Thermococcus hydrothermalis (128 kDa) [30], Staphylothermus marinus (75.3 kDa)
[31], and Streptomyces erumpens (45 kDa) [32]. The bacterium G. thermoleovorans
NP33 has been shown to possess an amylopullulanase encoding gene (gt-apu) that codes
for a 182-kDa protein (gt-apu), which was cloned and expressed in Escherichia coli [16].
The strain has also been reported to produce a hyperthermostable amylopullulanase of
45 kDa [15].

The isoelectric point (pI) of apu105 is 4.8, which is similar to the amylopullulanase of
Bacillus sp. KSM-1378 [1] and more than that of Bacillus DSM 405 (pI, 4.3) [6]. The
sequence peptides generated by MALDI-ToF-MS/MS analysis did not show identity with
any of the known amylopullulanase/α-amylase pullulanase/α-amylase, but with the hypothet-
ical protein of Geobacillus sp. C56-T3 (sequence coverage 35 % and an ion score of 50 in
MASCOT search) [Table S1, Fig. S2]. This protein has a pI of 5.3 and molecular mass of
112.457 kDa, which are higher than those of apu105.
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Effect of pH and Temperature on the Activity and Stability of apu105

The α-amylase and pullulanase activities of apu105 are stable in the pH range between 6.0 and
9.0 with the optimum at pH 7.0 (Fig. 3a–c) and activities declined below and above the pH

Fig. 1 Anion exchange chromatography on a ResourceTM Q column (Pharmacia Biotech) [1.6×5 cm] previ-
ously equilibrated with 50 mM Tris–HCl (pH 8.5) in a fast performance liquid chromatography (FPLC) system
[AKTA primeTM PLUS, GE Healthcare, Bio-Sciences, Uppsala, Sweden]. The enzyme was eluted with NaCl
gradient at a flow rate of 0.5 ml/min. Both the α-amylase and pullulanase activity was detected in the eluted
fractions (only the α-amylase activity is shown in the figure)
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optimum. The α-amylase and pullulanase activities were reduced by 70 % upon pre-
incubation of the enzyme at pH 5.0 for 2 h, while 25 % loss at pH 9.0. The enzyme is
optimally active at 80 °C (Fig. 3d, e). In contrast, the high molecular mass gt-apu is optimally
active at 60 °C and pH 7.0 [16]. The enzyme exhibits high thermostability with 80 % residual
activity after 4 h exposure to 90 °C, while 50 % loss in both α-amylase and pullulanase

Table 1 Purification of apu105

Step Volume
(ml)

Total
activity (U)

Total protein
(mg)

Specific activity
(U/mg)

Yield
(%)

Fold
purification

Purification details of apu105 (the values correspond to the α-amylase activity)

Culture filtrate 100 1,641 180 9.11 100 1

Acetone precipitate 10 1,090 20 54.5 66.42 5.98

ResourceTM Q 4 392 1.6 245 23.88 26.87

SephacrylTM S-200 1 313 0.96 326 19.07 35.7

Purification details of apu105 (the values correspond to the pullulanase activity)

Culture filtrate 100 1,482 180 8.23 100 1

Acetone precipitate 10 905 20 45.26 61.06 5.5

ResourceTM Q 4 328.32 1.6 205.2 22.15 24.93

SephacrylTM S-200 1 262.1 0.96 273.02 17.68 33.17

The proteins from the culture supernatant were precipitated by 70 % acetone, followed by anion exchange
chromatography using ResourceTM Q column equilibrated with 50 mM Tris–HCl (pH 8.5) in a FPLC system.
The protein fraction eluted as a single peak and having both α-amylase and pullulanase activities was loaded on
SephacrylTM S-200 high resolution column previously equilibrated with 50 mM Tris–HCl (pH 8.5) with a flow
rate of 0.4 ml min−1

Fig. 2 a Analysis of the purification of apu105 on SDS-PAGE (12 %). Lanes: 1, standard molecular weight
markers; 2, crude extract; 3, acetone precipitate (70 %); 4, purified protein. b Zymogram of the α-amylase
activity of apu105 using soluble starch as substrate in the gel. c Zymogram of the pullulanase activity of apu105
using red pullulan (Megazyme) as substrate in the gel
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activities after 27 min of exposure to 100 °C (Table S2). Owing to its stability over acidic to
alkaline pH and high temperatures, the enzyme finds application in starch saccharification,
baking, and detergent industries [1, 10, 33]. Pseudo-first order plots were used to study the
extent of thermal inactivation (Fig. 4a, b). The deactivation rate constant increased with the rise
in temperature, suggesting deactivation of the enzyme, and thus, depicting the decrease in half-
life of the enzyme (Table S2). At 70 °C, the enzyme has T1/2 of 21.7 h, while the enzyme
exhibits T1/2 of 19.8 and 2.8 h at 80 and 90 °C, respectively. T1/2 declined sharply at 100 °C
(0.4 h). The half-life values are higher than those reported for other thermostable
amylopullulanases of bacterial origin [27, 34].

Fig. 3 a Effect of pH on the α-amylase activity of apu105. b Effect of pH on the pullulanase activity of apu105.
c Effect of pH on the stability of the α-amylase/pullulanase of apu105. d Effect of temperature on the α-amylase
activity of apu105. e Effect of temperature on the pullulanase activity of apu105. Similar relative activity for the
effect of pH and temperature on the activity was observed for both the α-amylase and pullulanase of apu105

Fig. 4 a Arrhenius plot for the determination of activation energy (Ea) for the hydrolysis of soluble starch by
apu105. b Arrhenius plot for the determination of activation energy (Ea) for the hydrolysis of pullulan Ea=−
slope×R, where R (gas constant)=8.314 J K−1 mol−1. Data presented are average values of triplicates
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Substrate Specificity, Enzyme Kinetics, and Thermodynamics of Starch and Pullulan
Hydrolysis

The enzyme exhibits significant activity on soluble starch, pullulan, and amylose, while
amylopectin was hydrolyzed at a moderate rate and glycogen the least (Table 2). The enzyme
did not hydrolyze cyclodextrins (α, β, γ), as reported for other amylopullulanases [27, 35]. Li
et al. [31] have recently reported that an amylopullulanase from S. marinus displayed
cyclodextrin hydrolyzing activity. The enzyme exhibits significant activity on raw starches
(Table 2) as reported for the amylopullulanase from L. amylophilus GV6 [28].

The apu105 followed Michaelis-Menten kinetics with starch as well as pullulan. The lower
Km value of apu105 for starch suggested a higher affinity of apu105 towards soluble starch
than that for pullulan (Km for soluble starch is 0.142 mg ml−1, while that for pullulan is
0.416 mg ml−1). The Vmax and Km values for amylose and amylopectin are 19.9 and
14.3 μmol mg−1 min−1 and 0.11 and 0.5 mg ml−1, respectively. The Km values were lower
than those reported for amylopullulanases from Bacillus sp. KSM-1378 [1] and Bacillus sp.
DSM 405 [6] suggesting high substrate affinity of the enzyme. The catalytic efficiency (Kcat/
Km) values of the apu105 for soluble starch and pullulan are 260.8 and 87.3, respectively.
Kinetic analysis of the enzyme was also carried out in a system with mixed substrates (starch
and pullulan). A linear plot was obtained when the initial velocities of apu105 were plotted on
[S]/V vs [S] (Fig. S3). The recorded values for the initial velocities fitted into the one-site model
of [36]. The apu105 has a single active site for cleaving both α-1,4- and α-1,6-glycosidic
linkages in polysaccharides, since Vmax (starch+pullulan, 27.39 μmol mg−1 min−1) is less than
Vmax (starch) [22.22 μmol mg−1 min−1] + Vmax (pullulan) [21.78 μmol mg−1 min−1] according
to [6]. Amylopullulanases with single active site for both α-amylase and pullulanase have been
reported for Bacillus sp. XAL 601 [5], Thermoanaerobacter ethanolicus 39E [2], gt-apu [16],
and Pyrococcus furiosus [37].

Table 2 Substrate specificity of apu105

Substrate [0.5 % (w/v)] Relative enzyme activity (%)a

Soluble starch 100±0.3

Pullulan 98±1.0

Amylose 99.34±0.9

Amylopectin 53.43±1.2

Glycogen 24.5±0.6

α-Cyclodextrin 0

β-Cyclodextrin 0

γ-Cyclodextrin 0

Raw wheat starch 74.23±0.4

Raw rice starch 70±0.5

Raw corn starch 82.2±0.6

Raw water chestnut flour 80±1.1

The enzyme assay for different soluble and raw substrates (starch, pullulan, amylose, amylopectin, glycogen and
cyclodextrins, and raw wheat, rice, water chestnut and corn starches, 0.5 %) was performed at 80 °C for 20 min in
100 mM sodium phosphate buffer (pH 7.0) and the relative enzyme activities were calculated
a The values shown are the average of triplicate data±standard deviation

Appl Biochem Biotechnol (2014) 174:2594–2615 2605



The Arrhenius plot for the hydrolysis of soluble starch and pullulan reveals the inhibition of
enzyme activity at higher temperatures beyond transition point (80 °C) [Fig. 5a, b]. The
activation energy (Ea) of the enzyme for starch and pullulan hydrolysis at 80 °C are 73.91 and
83.14 kJ mol−1, respectively. The temperature quotient (Q10) for α-amylase and pullulanase of
apu105 is 1.1. The thermodynamic parameters for starch hydrolysis at 80 °C [enthalpy change
(ΔH), change in Gibbs free energy (ΔG), and entropy change (ΔS)] for activation of apu105
α-amylase are 70.97 kJ mol−1, 69.62 kJ mol−1, and 0.0038 kJ mol−1 K−1, respectively, while
the values for pullulan are 80.20 kJ mol−1, 69.67 kJ mol−1, and 0.029 kJ mol−1 K−1.

Effect of Metal Ions and Other Modulators

The enzyme activity and stability are not affected by Ca2+, even when used at 5 mM
concentration (Table 3). The Ca2+-independent (and acid-stable) enzymes are preferred in
the starch saccharification process [11] because the removal of calcium from the product
streams by ion exchangers adds to the cost of the process. The Ca2+-independency has also
been reported for glucoamylopullulanase from Bacillus subtilis DR8806 [38], Clostridium
thermosulfurogenes SVM17 amylopullulanase [39], and gt-apu [16]. Ca2+-dependent
amylopullulanases/α-amylase pullulanases have, however, been reported in T. ethanolicus
39E, Pyrococcus furiosus, and Pyrococcus woesei [34]. The enzyme was found moderately
stimulated by Zn2+ and Mn2+, while Cu2+ ions strongly inhibited both α-amylase and
pullulanase activities, as reported earlier [28, 35]. Among various chemical reagents tested,
the α-amylase and pullulanase activities of apu105 were not affected by chelating agents
(EDTA and EGTA), suggesting that the enzyme does not require Ca2+ and any other cation for
its activity. The effect of N-BS, which is indicative of the role of tryptophan residue(s), is also
insignificant on apu105 activity. The lack of enzyme inhibition by sulfhydryl inhibitors like
DDT, β-mercaptoethanol, N-ethylmaleimide, and iodoacetate suggests that thiol group is not
involved in the enzyme activity. EDAC andWoodward’s reagent K inhibited enzyme activities
in a concentration-dependent manner, suggesting the role of carboxyl group(s) in the enzyme
hydrolysis (Table 3). The enzyme is highly stable in the presence of the non-ionic (Triton X-
100 and Tween 80, 0.1 and 0.2 %) as well as strong anionic (SDS, 1.0 %) surfactants. The
stability of apu105 at alkaline pH and in the presence of detergents suggests its applicability as
a detergent additive.

Fig. 5 a Plot of ln[Et/E0] vs time (min) for the calculation of deactivation constant (Kd) for apu105 α-amylase/
pullulanase at 70, 80, and 90 °C. b Plot of ln[Et/E0] vs time (min) for the calculation of deactivation constant (Kd)
for apu105 α-amylase/pullulanase at 100 °C. c Arrhenius plot of apu105 α-amylase/pullulanase deactivation
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Table 3 Effect of various modulators on α-amylase and pullulanase activities of apu105

Metal ions Final concentration (mM) Relative activity (%)a Pullulanase

α-amylase

Ca2+ 1 mM 89.6±0.2 90.1±1.9

5 mM 83.0±1.0 90.3±2.0

Co2+ 1 mM 97.7±1.2 137.8±1.7

5 mM 84.0±0.3 110.1±1.0

Cu2+ 1 mM 29.5±1.0 30.2±1.2

5 mM 24.9±0.9 66.3±0.8

Hg2+ 1 mM 16.7±0.3 14.5±0.9

5 mM 0 0

Fe2+ 1 mM 130.6±1.8 131.2±1.9

5 mM 97.8±0.6 123.0±2..3

Ba2+ 1 mM 92.3±1.0 89.6±0.9

5 mM 87.0±1.5 97.6±1.9

Zn2+ 1 mM 121.5±2.0 143.7±1.2

5 mM 107.1±1.7 120.7±1.9

Mn2+ 1 mM 140.3±2.2 150.9±1.5

5 mM 126.3±0.9 139.2±0.7

Mg2+ 1 mM 91.9±1.9 96.2±0.9

5 mM 88.4±2.4 86.0±2.0

EDTA 1 mM 82.1±0.9 75.1±1.8

5 mM 75.5±1.1 80.3±0.6

EGTA 1 mM 80.5±1.0 80.7±2.1

5 mM 75.2±1.1 80.2±1.2

EDAC 1 mM 70.8±0.9 66.4±0.5

5 mM 45.5±0.4 41.2±0.9

Woodward’s reagent 1 mM 59.4±0.3 62.5±0.09

5 mM 50.5±1.0 51.8±0.1

Guanidine-HCl 1 mM 75.6±2.0 75.4±1.0

5 mM 57.1±1.9 57.2±0.1

DTT 1 mM 98.2±0.5 110.8±1.4

5 mM 102.2±0.9 101.0±2.5

PMSF 1 mM 104.4±1.4 107.5±1.0

5 mM 107.7±1.6 104.6±0.9

Iodoacetate 1 mM 102.9±0.9 103.8±0.6

5 mM 98.1±1.2 100.2±0.8

N-bromosuccinimide 1 mM 97.7±2.4 98.6±0.4

5 mM 103.1±1.7 96.6±0.5

N-ethylmaleimide 1 mM 101.3±1.1 95.7±1.0

α-Cyclodextrin 1 mM 88.5±0.9 93.4±0.7

β-Cyclodextrin 1 mM 100±1.9 100.6±1.1

γ-Cyclodextrin 1 mM 106.2±0.8 99.0±1.9

Urea 1 M 55.5±2.0 56.8±2.3

SDS 1 % 108.6±1.9 101.1±1.4

Triton X-100 0.1 % 98.6±0.9 98.6±0.9
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Analysis of Hydrolysis Products

The apu105 attacked both α-1,4- and α-1,6-glycosidic linkages of soluble and raw starches,
amylose, amylopectin, and glycogen producing glucose, maltose, and maltotriose (not panose)
as major products [Fig. 6a, b]. In contrast, the action of amylopullulanases from Bacillus sp.
XAL601 [5], T. ethanolicus 39E [34], and G. thermoleovorans NP33 [16] on starch, amylose,
amylopectin, and glycogen liberated maltose, maltotriose, and maltotetraose as the end
products. Pullulan has also been efficiently hydrolyzed by apu105 forming glucose, maltose,
and maltotriose (Fig. 6a). Similar observations have also been recorded for the
amylopullulanases from G. stearothermophilus L14 [27] and Anoxybacillus sp. SK3-4 [29].
While the hydrolysis of pullulan by most of the amylopullulanases formed maltotriose as the
only product [30, 27, 35, 16]. The enzyme also hydrolyzes maltotriose, maltotetraose,

Table 3 (continued)

Metal ions Final concentration (mM) Relative activity (%)a Pullulanase

α-amylase

0.2 % 97.4±1.0 99.4±0.5

Tween 80 0.1 % 102.2±2.1 117.8±1.5

0.2 % 126.9±1.1 130.6±2.4

NaCl 50 mM 101.7±1.8 95.2±1.9

KCl 50 mM 96.3±0.6 99.9±0.9

Different modulators incorporated into the reaction mixtures were incubated for 30 min in 100 mM sodium
phosphate buffer at 30 °C and the residual α-amylase and pullulanase activities of apu105 were determined under
optimal conditions (80 °C, pH 7.0)
a The values shown are the average of triplicate data±standard deviation

Fig. 6 TLC of hydrolysis products from different saccharides by apu105. a Hydrolysis products of starch and
pullulan. Lanes: 1, G1–G5 malto-oligosaccharide markers; 2, panose; 3, starch hydrolysates after 2 h of
incubation with apu105; 4, pullulan hydrolysates after 2 h of incubation with apu105; 5, maltotriose hydrolysate;
6, panose hydrolysate; 7, sugars released from the test bread. b Hydrolysis products from different saccharides.
Lanes: 1, G1–G5 malto-oligosaccharide markers; 2, panose; 3, amylose/apu105; 4, amylopectin/apu105; 5,
glycogen/apu105; 6, raw rice starch/apu105; 7, corn starch/apu105; 8, raw wheat starch/apu105; 9, water
chestnut/apu105; 10, tapioca starch/apu105
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maltopentaose, maltohexaose, and maltoheptaose. Panose and cyclodextrins are not, however,
hydrolyzed. The enzyme is, therefore, not an isopullulanase (pullulan hydrolase type II), which
is known to hydrolyze panose to form glucose and isomaltose and is also active on cyclodex-
trins [40]. The apu105 is also not a neopullulanase (pullulan hydrolase type I), which
hydrolyzes pullulan to form panose [41].

Application of apu105 in Starch Saccharification and in Making of Whole Wheat Bread

Both soluble and raw starches are efficiently hydrolyzed by apu105 (Table S3). Among raw
starches, a high rate of hydrolysis has been attained with corn starch (43 %) as compared to
water chestnut (37.1 %), wheat (33.25 %), and rice (31.8 %) starches after 2 h of enzyme-
substrate reaction. Furthermore, the raw starches pretreated with apu105 have been
saccharified to a greater extent by glucoamylase as compared to the starches saccharified by
glucoamylase alone and the α-amylase-pretreated starches (Table 4). This is consistent with
the observations reported earlier [15]. Raw wheat and corn starches are saccharified to 84.4
and 92.5 %, respectively, when apu105/α-amylase-pretreated starch was saccharified using the
glucoamylase of T. indicae-seudaticae (Table 4). The apu105 finds application in both starch
liquefaction and saccharification because of its activity and stability at acidic pH and high
temperatures, cleavage of α-1,4- and α-1,6-glycosidic linkages, Ca2+-independence, and raw
starch degrading ability.

The bread made by supplementing the dough with apu105 of G. thermoleovorans NP33
(Test) was soft with higher moisture content, reducing sugars, and soluble protein than that
made using the commercial fungal α-amylase (control) (Table 5). The analysis of apu105-
treated bread revealed that the malto-oligosaccharides are formed as the hydrolysis products
(Fig. 6a). Furthermore, the addition of enzyme resulted in a 5-cm increase in the dough rise
as compared to that of control as well as improved loaf volume and crumb structure
(Fig. 7a, b). The loaf volume is an important parameter for checking bread quality. Whole
wheat bread has much smaller loaf volume in comparison with white bread, and therefore, in
order to increase loaf volume, additional flour has to be added, which makes it expensive
[42]. The shelf-life of bread increased to 5 days as compared to 4 days of the control bread at

Table 5 Comparison of the characteristics of the test and control breads

Parameters Testa Controlb

Weight of dough (g) 505±0.3 505±1

Dough rise (cm) 5.0±0.15 3.5±0.2

Weight of bread (g) 475±2.5 478±2.0

Bread moisture (%) 35.78±0.5 33.15±0.85

Reducing sugars (mg g−1) 42±0.8 38.5±0.5

Soluble protein (mg g−1) 4.0±0.1 3.46±0.06

Shelf-life (days) 5 4

Test and control breads were checked for the amount of reducing sugars using dinitrosalicylic acid (DNSA)
reagent. The protein concentration was determined according to Lowry et al. (1951) using BSA as the standard.
The wet and dry weights of the bread were determined for calculating the percent moisture content. The breads
were checked for shelf-life by keeping them at room temperature till it becomes dry and hard. Mean value of
triplicate data±standard deviation
a Bread made by supplementing the dough with apu105
b Bread made of dough without apu105 (supplemented with the commercial fungal α-amylase)
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room temperature due to antistaling effect of the enzyme. Because of the debranching action
of the amylopullulanases, the maltodextrins are produced, and therefore, eliminates the

Control ControlTest Test

(a) (b)

Fig. 7 Test and control bread made with and without the apu105 of G. thermoleovorans NP33. a Rise in crumb
size. b Improved texture of bread. The test bread was made using dough prepared by mechanically mixing wheat
flour (300 g), dry yeast (10 g), NaCl (4.0 g, w/v), 5.0 U g−1 of amylopullulanase and 60 % (w/v) water for 30 min
and the control bread made by supplementing 5.0 U g−1 commercial enzyme (Bacillus licheniformis α-amylase)
instead of amylopullulanase. The test bread had increased loaf volume and improved texture compared to the
control bread

Fig. 8 Effect of enzyme dosage (a), incubation time (b), temperature (c), and pH (d) on weight loss (open
diamond) and desizing efficiency (closed diamond). The loss in weight of the cotton fabric (5×5 cm) after the
enzyme treatment was determined according to the Eq., Wt %=(W1−W2)/W1×100, where W1 and W2 are the
weights of the cotton fabric before and after the enzyme treatment/desizing, respectively. The desizing efficiency
was determined using the formula, desizing (%)=(W0−W1)/W0, where W0 and W1 are the amount of starch for
control and desized fabric, respectively
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increased gumminess of α-amylase-treated bread [13]. The supplementation of wheat flour
with apu105 has also ameliorated the texture, softness, and sweetness of the bread. Further-
more, the presence of malto-oligosaccharides in bread would help in improving human
health [43].

Table 6 Stability of apu105 in the presence of commercial detergents at 80 °C

Detergents (1 %) Relative residual enzyme activitya

0.5 h 1 h 2 h 3 h

Surf Excel 99±1.6 91.23±1.6 76.77±0.6 56.98±1.8

Rin 100±1.8 95.7±0.8 82.31±1.1 63.22±2.0

Wheel 65.44±0.9 57.34±1.2 50.99±0.9 45.44±1.0

Ariel 74.56±2.1 69.31±1.0 55.44±1.3 49.21±1.5

Tide 87.6±1.0 72.57±0.5 59.99±1.9 50.65±0.9

Ghari 91.21±0.6 75.30±0.7 61.26±0.8 53.86±1.1

The stability of the enzyme with commercially available detergents was assessed by incubating the enzyme
(0.5 mg) with detergents (1 %) for different time intervals (0.5 to 3 h) at 80 °C and determining the residual
enzyme activities. Prior to use, the detergents were boiled for 30 min to inactivate the enzymes present in them
a Relative residual activity for α-amylase and pullulanase is same. The values shown are the average of triplicate
data±standard deviation
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Fig. 9 Removal of starchy food stain at 37 °C by apu105 (analysis of reflectance). (W=water, D=detergent, E=
enzyme). Control is the untreated stained cloth. The white cloth without stain is taken as 100 %. Separate sets of
experiments were conducted to evaluate the enzymes as a detergent additive: (a) flask with distilled water (100 ml)
and stained cloth; (b) flask containing distilled water (100 ml), stained cloth, and Rin detergent (1 %w/v); (c) flask
containing distilled water (9.9 ml), stained cloth, and 0.1 ml apu105 (100 units ml−1); and (d) flask containing
distilled water (9.9 ml), stained cloth, Rin detergent (1 % w/v), and 0.1 ml apu105. The wash performance was
determined by measuring the relative reflectance of dried cloth pieces using Reflectance meter (Model No. UEC
1018, Universal Cooperation, India) against the untreated control
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Applicability of the Enzyme in Desizing of Cotton Fabrics

The effective desizing of cotton fabric was achieved with 9 to 10 U of apu105 in sodium
phosphate buffer (pH 7.0) after 40 min of treatment at 80 °C (Fig. 8). The desizing
efficiency of the enzyme and the weight loss of the fabric did not show any significant
changes with the increase in the amount of the enzyme from 9.0 to 10 IU and incubation
time from 40 to 60 min, while the efficiency was lost below and above 80 °C and pH 7.0.
The α-amylases which are currently employed for desizing (Rapidase L40, Rucolase HCH
and others) have an optimum temperature between 60 to 100 °C and the pH range of 6.5 to
7.5 [44]. Moreover, the desizing efficiency of apu105 is higher at acidic pH than at alkaline
pH, thus favoring the simultaneous acidic desizing and acid-demineralization in a single
step, which would eliminate the water-soluble salts formed from the metals as a result of
acid steeping [14].

Application of apu105 as a Detergent Additive

The apu105 exhibits significant stability over a wide range of commercially available deter-
gents (1 %) (Table 6), as the enzyme retained higher than 45 % activity even after 3 h in the
presence of detergents. The amylopullulanases have not been tested for their applicability as
detergent additive. The wash performance analysis of starchy food stain on cotton fabric
showed an increase in reflectance from 66 to 90 % when washed with the combination of
enzyme and the detergent as compared to the detergent alone (Fig. 9). Thus, the enzyme is
efficient in the removal of starch stain when used as a detergent additive like α-amylase of
Bacillus sp. [45].

Conclusions

The amylopullulanase (apu105) of G. thermoleovorans NP33 is highly thermostable and Ca2+-
independent with a broad range of temperature and pH for activity and optima at 80 °C and
pH 7.0. The enzyme cleaves α-1,4- and α-1-6-glycosidic linkages in soluble and raw starches
and pullulan into glucose, maltose, and malto-oligosaccharides. The supplementation of whole
wheat dough with the enzyme improves the quality of the bread. The malto-oligosaccharides
in the bread will act as prebiotics in ameliorating human health. The enzyme finds application
in textile desizing and as a detergent additive. In view of multiple applications of apu105, our
efforts are underway for cloning and over expressing it heterologously in order to bring down
the cost of enzyme production.
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