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Abstract

Tannase (tannin acyl hydrolase EC 3.1.1.20) produced by Aspergillus awamori nakazawa was purified and characterized. Optimal
conditions of production were determined using varying substrate combinations and studying fermentation on various media combinations.
Fermentation was carried out for 46 h for optimum enzyme production. Enzyme samples were obtained from the broth after fermentation by
acetone precipitation of the supernatant followed by gel filtration chromatography. The properties of the enzyme were investigated. The
optimum conditions of temperature and pH were investigated and the effects of urea, surfactant and chelator were studied. Tannase from this
new isolate exhibited optimum activity at 35 °C and at a pH of 5.0. Urea concentrations higher than 3 M were inhibitory. Increasing
concentrations of sodium lauryl sulphate also led to decrease in activity. Two percent SLS was inhibitory. Increasing concentrations of EDTA
had an inhibitory effect on tannase. Tannase was found to be a glycoprotein. Circular dichroism analysis of purified fractions of tannase

indicates that the (3-sheet structure in tannase is predominant indicating its globular nature.
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1. Introduction

Tannins are phenolic compounds, which can be grouped
as hydrolysable and non-hydrolysable tannins. Tannin acyl
hydrolase (E.C.3.1.1.20) commonly called tannase, hydro-
lyses only hydrolysable tannins and catalyses the hydrolysis
of ester and depside bonds in tannic acid releasing glucose
and gallic acid [1,2].

Production of tannase can be done by various methods
like liquid surface, submerged, modified solid-state
fermentation and solid-state fermentation [1]. The use of
submerged fermentation is advantageous because of ease of
sterilization, and process control is easier to engineer in
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these systems. Purification and characterization of tannase
has been attempted earlier owing to its wide applications in
various food, feed, leather and pharmaceutical industries.
Various media preparations can be used with tannic acid as
the sole carbon source for production of microbial tannase
but biotransformation of tannin rich agro residue is cost-
effective.

The catalytic activity of enzyme is linked with their
protein conformations. Proteins are made up of L-amino
acids that are optically active. The optical activity of
proteins is a resultant of three factors, L-amino acids,
arrangement of these amino acids in ordered fashion and
asymmetric distribution of charges or dipoles about a
chromophore. Circular dichroism (CD) spectroscopy is
widely used for secondary structure determination of
proteins and to monitor conformational changes in them
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in the presence of additives. The circular dichroism
spectrum may be thought of as the difference between
two absorption spectra; one obtained using the left while the
other using the right circularly polarized component.
Application of CD for conformational studies in peptides
can be largely grouped into estimation of secondary
structural content and monitoring conformational changes
in them.

2. Materials and methods
2.1. Screening and culture conditions

A tannase producing fungus was isolated from the soil of
LLT. campus and identified as Aspergillus awamori
nakazawa. A pure culture was maintained in 1% tannic
acid agar slants at 4 °C and sub-cultured after every 3 weeks.
The new isolate exhibited white cottony mycelia. On
microscopic examination, the mycelium was found to be
septate, having spores, which were visible only at higher
magnifications (400x). The induced inoculum was prepared
for tannase production [3].

2.2. Fermentation process

Submerged fermentation in flasks without shaking was
carried out using natural tannin rich substrates, which
consisted of myrobalan (Terminalia chebula) fruit and gallo
seed cover (Caesalpinia digyna) in a fixed ratio of 1.5:0.25
(gallo seed:myrobalan) in Czapek Dox medium.

2.3. Isolation of tannase

The extracellular tannase was isolated and collected after
46 h of fermentation. The culture was filtered through
cheesecloth followed by centrifugation at 10,000 rpm for
10 min to remove debris. This supernatant was subjected to
acetone precipitation using 1:2 volumes of acetone, which
was kept at 4 °C for complete precipitation (3 h).

2.4. Enzyme assay

Tannase assay was determined spectrophotometrically by
the method of Ibuchi et al. [4]. One unit of enyme activity is
defined as the amount of enzyme required to hydrolyse
1 wmol of the ester in 1 min under the reaction conditions.
Enzyme activity is expressed as U/ml.

2.5. Enzyme purification

The acetone-precipitated fraction was further purified
using a GF 250 column (4.5 mm x 250 mm, 4 wm pore
size). The flow rate was fixed at 1 ml/min. The solvent
system used to elute the protein based on molecular size was
0.2 M acetate buffer (pH 5).

2.6. Effect of surfactant, denaturants, and chelator
on tannase activity

The effect of the anionic surfactant sodium lauryl
sulphate (0.1-5%, w/v) and the effect of the protein
denaturant urea (1.0-8.0 M) on the activity of tannase
obtained from the isolate were studied. The influence of the
chelator, ethylene diamine tetra acetic acid disodium salt
(EDTA disodium salt, 1-10 mM) concentration was also
studied.

3. Results and discussion
3.1. Purification of tannase

Acetone precipitation was reported as the first step for
tannase purification by Beverini and Metche [5]. The
partially purified (acetone precipitated fraction) was
further purified by GFC (using G-100 Sephadex) column.
DEAE-Sephadex has been used for purification of tann-
ase obtained from Aspergillus flavus, and Penicillium
chrysogenum [6,7]. HPLC (using GF-250 column) of the
partially purified (acetone precipitated) tannase from the
new isolate showed single major peak and the elution time
being 6.8 min. The purified fraction was further char-
acterized.

3.2. Effect of pH on purified tannase activity

To determine the effect of pH on purified tannase, the
pH of acetate buffer was varied from 3.5 to 6.0. The
enzyme was active at acidic pH and activity decreased as
the pH approached the alkaline range. The optimum
activity was recorded at pH 5.0 (Fig. 1). Any change in pH
affects the protein structure and a decline in enzyme
activity beyond the optimum pH could be due to enzyme
inactivation or its instability. It could be concluded from
the results that tannase from the new isolate needed an
acidic environment to be active. Fungal tannase is an
acidic protein in general. There are reports describing the
optimum pH as 5.5 in case of tannase obtained from A.
flavus, Aspergillus oryzae, [6,8,9] and 6.0 in case of
tannase obtained from P. chrysogenum and Aspergillus
niger [7,10].
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Fig. 1. Effect of pH on purified tannase.
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Fig. 2. Effect of temperature on purified tannase.

3.3. Effect of temperature on tannase activity

To evaluate the effect of different temperatures on
activity of purified tannase, the temperature range was varied
from 25 to 50 °C. With a rise in temperature, the tannase
activity increased and optimum activity was recorded at
35 °C (Fig. 2). With a further increase in temperature, there
was a decrease in activity. The optimum temperature for
tannase activity was 35 °C. An optimum temperature around
30 °C has been reported for tannase activity in case of A.
oryzae [8,9] and P. chrysogenum [7], around 35 °C in case of
A. niger [10], and 50 °C in case of Candida sp. [3].

3.4. Effect of denaturant on tannase activity

Urea acts as denaturing agent at about 6-8 M concentra-
tions, by breaking all hydrogen bonds present in the protein
structure. Enzyme activity in the presence of 1-8 M urea
was studied and gradually decreased with increasing
concentration of urea (Fig. 3). At higher concentrations,
urea denatures the enzyme by causing a conformational
change in the tertiary structure of the enzyme, which it was
unable to bring about at a low concentration [11].

3.5. Effect of surfactant on tannase activity

Enzyme activity was studied by varying the concentra-
tion of SLS (0.1-2.0%, w/v) and gradually decreased with
increasing percentage of SLS. Two percent SLS was
inhibitory to enzyme activity (Fig. 4). This inhibition may
be the result of reduction in the hydrophobic interactions that
play a crucial role in holding together the protein tertiary
structure and the direct interactions with the protein
molecule [12].
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Fig. 3. Effect of urea on purified tannase.
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Fig. 4. Effect of sodium lauryl sulphate on purified tannase.

3.6. Effect of chelator on tannase activity

The effect of EDTA on tannase activity was studied from
1 to 10 mM concentration and a concentration of 5 mM was
found to be completely inhibitory for tannase activity
(Fig. 5). Tannase from A. niger [10] was inactivated by both
the chelators and A. oryzae [8,9] was also inactivated by
EDTA.

3.7. Test for glycoprotein

Tannase from various fungal sources has been reported to
be glycoprotein in nature where the percentage of
carbohydrate varied from species to species [1,16]. Using
phenol sulphuric acid method, it was found that tannase
from A. awamori nakazawa is a glycoprotein containing
14.2% carbohydrate.

3.8. Studies on protein structure using circular
dichroism

Tannase from A. awamori nakazawa was extracted from
the media having madhuca:galloseed:myrobalan in the ratio
2:1.5:1.75 and fermentation was carried out for 46 h
(optimized for maximum enzyme production). The extracted
tannase was further concentrated using acetone precipitation
(1:2). CD analysis was carried out using fractions of GFC
having tannase activity as shown in Table 1.

The two fractions obtained after GFC had different
structural properties. Fraction 1 is rich in turns, whereas
fraction 2 is rich in B-sheets. The protein sample was kept
under ice-cold conditions to prevent denaturation and loss of
activity. As a result, turns may be predominant in fraction 1.
As per cited literature, the helices and turns involve
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Fig. 5. Effect of EDTA on tannase activity.
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Table 1
Secondary structure of tannase as predicted from CD analysis
Enzyme % o % B % Turn % Random Activity
(U/ml)
Fraction 1 - - 100 - 0.948
Fraction 2 - 77.1 - 229 3.09
Fraction 1 + 2 82.4 17.6 0.894
Acetone ppt 15.6 13.5 24.9 45.9 3.23
Table 2
Effect of urea on the secondary structure of tannase
Enzyme Urea %a %P % Turn % Random  Activity
M) (U/ml)
Fraction 1 1 - - 100 - 0.107
6 878 - 12.2 - -
Fraction 2 1 - 95.5 - 45 0.178
6 6.7 658 5.4 222 —

favourable interactions, which are predominantly local and
are thus stabilized at low temperature. It has been suggested
that turn regions act as nucleation centres during protein
folding [13,14].

Fraction 2 exhibits (3-sheets, which are very common in
globular proteins so the higher percentage of such secondary
structure indicate tannase to be a globular protein. Turns are
very abundant in globular proteins and generally occur at the
surface of the molecule.

Upon mixing fractions 1 and 2 in equal proportions, 3-
sheets predominated; so, from this it can be further
confirmed that tannase is a globular protein. The concen-
trated protein (after acetone precipitation of the crude broth)
exhibits 15.6% «-helix, 13.5% B-sheets, 24.9% turns and
45.9% randomness.

3.8.1. Circular dichroism as a tool to study
conformational change in secondary structure in the
presence of urea

The phenomenon of circular dichroism is very sensitive to
the secondary structure of proteins and responsive to
conformational changes in polypeptides. Therefore, this
technique is extensively used to study conformational changes
in proteins. The two fractions of tannase fraction 1 and 2 when
purified and separated showed the denaturation phenomena by
increase in the % a-helix as shown in Table 2. It was further
observed that the % turn and % randomness decreased and
increased, respectively, with the increase in urea concentra-
tion. TFE is a denaturing agent like urea and increase in alpha
helicity is reported as denaturation proceeds [15].
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