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Abstract Significant differences on structure, stability, and catalytic properties of tannase
were found when this enzyme was produced under solid-state and submerged fermentations
(SSF and SmF) by Aspergillus niger. The specific activity was 5.5 times higher on SSF than
in SmF. Significant differences in isoelectric points of tannases were found. The pH optima
for both types of enzyme was found at 6 and the pH stability of SSF and SmF tannase were
at 6 and 5-8, respectively. The optimal temperature range was from 50 to 60 °C for SmF
tannase and 60 °C for SSF tannase, and both enzyme types showed tolerance to high
temperatures (60—70 °C). The SSF tannase showed a major specificity for methyl gallate
substrate while SmF tannase for tannic acid. All metal ions tested, had an activity inhibition
from 30-46% on SSF tannase. SDS-PAGE analysis as well as gel localization studies of
both SSF and SmF purified tannases showed a single band with a molecular weight of 102
and 105 kDa, respectively. Different levels of glycosylation were found among SSF and
SmF purified tannases. This is the first report about structural differences among tannase
produced under SSF and SmF and this study provides basis for explanation of the stability
and catalytic differences observed previously for this two tannase types.
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Introduction

Tannin acyl hydrolase (E.C.3.1.1.20) or tannase is an inducible enzyme that catalyzes the
hydrolysis of ester and depside linkages of gallotannins to give gallic acid and glucose, and
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other tannins including gallocatechins and alyl-gallates to give respective products [28].
These catalytic properties give tannase several important applications in food, feed,
chemical, and pharmaceutical industries. It is mainly used in the processing of iced tea,
acorn liquor, and production of gallic acid from plant sources with high tannin contents.
Gallic acid is used in the production of antioxidants and it is an intermediate complex in the
production of the antibiotic trimethoprim [4, 6].

Study of tannase represents a scientific relevance topic because hydrolytic as well as synthetic
tannase capability in suitable solvent systems [44, 50]. The complex catalytic molecules like
tannase have reached a relevant commercial import. Nevertheless, important applications of this
enzyme are currently limited due to inadequate information on the basic characteristics such as
physicochemical and catalytic properties, regulation mechanisms, and production cost [6].

Tannase is mostly produced by fungi [19, 20, 23, 32, 33, 37], but some yeasts [16] and
bacteria [9, 21, 22, 35, 36, 41, 47] have been reported as producers of this enzyme. At industrial
levels tannase is mainly produced by Aspergillus species under submerged fermentation (SmF).
The drawback of tannase produced under SmF, is that it is expressed mainly intracellularly by
fungi and additional costs for purification need to be considered [30, 40].

Tannase production has been studied under submerged and solid-state fermentation
(SSF); literature reports that enzymatic production under SSF has many advantages in
comparison to that under SmF. Among them are the higher titers of enzyme production,
extracellular nature of enzyme, and the low protease production [48]. But at industrial level,
the use of SmF is advantageous because of ease of sterilization, and process control is
easier to engineer in this system [31].

Several authors have compared tannase productivity values in different fermentation
systems trying to explain how the fermentation system affects fungi physiology. In such
comparisons have been included important aspects such as diffusion of nutrients, growth
patterns, titers of enzymatic productivity, and induction and repression patterns [6].
However, there is no information about structural differences among tannase produced
under both systems.

This study reports important differences in structure, stability, and catalysis of tannase
produced under SmF and SSF by a wild Aspergillus niger to evidence the effect of the
fermentation system on enzyme functionality and specificity.

Materials and methods
Chemicals

Tannic acid, gallic acid, and rodhanine were purchased from Sigma Aldrich (St. Louis, MO,
USA). Methyl gallate was purchased from Fluka (St. Louis, MO, USA). All components of
culture media were purchased in SumiLab (Saltillo, Coahuila, Mexico).

Microorganism and Culture Medium

A. niger (UAdeC-DIA collection) was used in the present studies. Spores were maintained
in cryo-protector solution (milk 8.5% and glycerol 10% w/v dissolved in water) stored at
=50 °C. Fungus was grown on potato-dextrose agar at 30 °C for 7 days. The spores were
then scraped with 0.01% Tween 20 and counted in a Neubauer chamber.

The composition of culture medium was (g/L): KH,PO4 [1], NaNOs, [3],
MgSO,4-7H,0 (0.5), KC1 (0.5), FeSO,4 (0.01). Liquid medium was autoclaved at 121 °C

@ Springer



384 Appl Biochem Biotechnol (2011) 165:382-395

for 20 min. Tannic acid solution was filter sterilized and added to a final
concentration of 2% (w/v) to the culture broth. The pH was adjusted to 5.5 with
0.01 N NaOH.

Submerged Fermentation

The sterilized culture broth (tannic acid 2%) was transferred into 2-L capacity Erlenmeyer
flasks and was inoculated with 1x 10° spores/mL. The inoculated medium was incubated at
30 °C in an orbital shaker at 250 rpm for 42 h. Flasks were removed and biomass was
separated by filtration through a Whatman No. 41 filter paper. The cell-free culture broth
was assayed for extracellular tannase activity and protein concentration.

Solid-State Fermentation

Polyurethane foam (PUF) was used as support of this fermentation system. PUF was
cut in cubes (0.5%x0.5 cmx0.5 cm) and washed tree times with hot water (50 °C) and
three times with cold deionized water. PUF cubes were then dried at 60 °C for 24 h.
Dried PUF (15 g) was transferred into 2-L capacity Erlenmeyer flask and autoclaved
at 121 °C for 20 min. Fermentation medium was inoculated with 1x10° spores/mL,
added to Erlenmeyer flask containing PUF cubes and mixed thoroughly. The initial
moisture content was 60%. Flasks were incubated at 30 °C for 42 h. The extracellular
crude enzyme was obtained by washing the PUF with 250 mL of 100 mM sodium acetate
buffer pH 5 with 100 mM NaCl. The extract was then filtrated through a Wathman No. 41
paper. The crude enzyme extract was assayed for extracellular tannase activity and
protein content.

Concentration of Tannase

The crude extracts containing extracellular tannase from SSF and SmF were concentrated
using an Amicon concentration unit with a 30 MWCO membrane (Millipore, Billerica,
MA, USA). The concentrated enzymatic extract was dialyzed against water prior to
isoelectric focusing separation (IEF).

Tannase Activity Assay

The tannase activity was evaluated by the spectrophotometric method reported by Sharma
et al. [43] with some modifications. The reaction time was prolonged to 15 min and the
reagents volumes were reduced to save volume of reagents and samples. The substrate
(0.01 M methyl gallate in 50 mM sodium acetate buffer, pH 5.0), enzyme extract and buffer
(0.05 M sodium acetate buffer, pH 5.0) were pre-incubated at 30 °C for 5 min. before the
enzyme reaction was started. An aliquot of 100 uL of substrate were mixed with 100 puL of
the buffer (control) or 100 puL of the enzyme preparation (test). Tubes were incubated at
30 °C for 15 min. Then 120 uL of methanolic rthodanine (0.667%; w/v) were added to tubes
and were then kept at 30 °C for 5 min. After this, 80 pL of 0.5 M KOH were added to each
tube and were incubated at 30 °C for 2.5 min. Finally, each tube was diluted with 1.6 mL
distilled water, incubated at 30 °C for 10 min. Absorbance was read at 520 nm. The enzyme
activity was calculated from the change in absorbance: AAdsyo=Aesi—Acontrol. One unit of
enzyme was defined as 1 umol of gallic acid formed per minute. Specific activity was
expressed in units per milligram of protein.
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Protein Determination

The protein concentration was determined using the Bradford Bio-Rad assay (Biorad.
Hercules, CA, USA). BSA was used as standard.

Purification
Isoelectric Focusing Using Rotofor

The dialyzed crude extract (10.5 mL) was mixed with 3 mL of 20% pH 3—-10 ampholytes
(Biorad, Hercules, CA, USA), then brought to a volume of 60 mL with distilled water.
Fractionation of the crude extract by IEF was performed in a preparative Rotofor cell
(Biorad, Hercules, CA, USA) at constant power (12 W) for 4 h at 4 °C. Twenty fractions
were harvest and their pH values and tannase activity were determined. The fractions with
tannase activity were pooled and dialyzed against water prior to anion-exchange
chromatography.

Anion-Exchange Chromatography

The fractions with tannase activity obtained from the IEF fractionation were dialyzed
against 50 mM sodium acetate pH 5.0. The sample was loaded into 5 mL high Q column
(Biorad, Hercules, CA, USA), previously equilibrated with 50 mM sodium acetate buffer
pH 5 (buffer A). The enzyme was eluted using a linear gradient from 0% to 50% with
50 mM sodium acetate buffer pH 5 containing 1 M NaCl (buffer B) for 60 min. Eighty
fractions were collected and analyzed for tannase activity. Fractions containing tannase
activity were pooled and dialyzed against buffer A, prior to the second anion-exchange
chromatography separation.

Second Anion-Exchange Chromatography

The sample from the first anion-exchange chromatography was loaded into a 1 mL
High Trap Q column (Amersham Pharmacia, Piscataway, NJ, USA) previously
equilibrated with buffer A. The sample was eluted from the column using a linear
gradient from 0% to 50% buffer B at 0.5 mL/min for 80 min. Fractions containing
tannase activity were pooled and dialyzed against 50 mM sodium acetate pH 5, prior to
gel filtration chromatography.

Cation Exchange Chromatography

Cation exchange chromatography was used only for SmF sample obtained from the second
anion-exchange chromatography. The sample was dialyzed against 50 mM sodium acetate
buffer pH 3 and loaded into a 5-mL high S column (Biorad. Hercules, CA, USA)
equilibrated previously with 50 mM sodium acetate buffer pH 3. The enzyme was eluted
using a linear gradient from 0% to 100% with 50 mM sodium acetate buffer containing 1 M
NaCl at 1 mL/min for 60 min. Obtained fractions were analyzed for tannase activity.
Fractions containing tannase activity were pooled and dialyzed against 50 mM sodium
acetate pH 5, prior to gel filtration chromatography.
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Gel Filtration Chromatography

Samples containing tannase activity were loaded into Superdex G-200 (1.5x30 cm) gel
filtration column (Amersham Pharmacia, Piscataway, NJ, USA) pre-equilibrated with
50 mM sodium acetate pH 5 containing 150 mM NaCl and eluted with the same buffer at
0.5 mL/min. Fractions were analyzed for tannase activity and those containing tannase
activity were used for enzyme characterization.

Enzyme Characterization
SDS-Polyacrylamide Gel Electrophoresis

Sodium dodecyl sulfate—Polyacrylamide Gel Electrophoresis (SDS-PAGE) was performed
in a vertical X cell Sure Lock System (Invitrogen, Carlsbad, CA, USA) connected to a
1,000% 500 power supply. A 20-uL aliquot sample was mixed with 10 puL of 2x Laemmli
buffer (Sigma Aldrich, St Louis, MO, USA) and boiled at 95 °C for 5 min before loading
onto the gel. Protein samples were resolved on 12% Bis-Tris precast gel (Invitrogen,
Carlsbad, CA, USA). Running buffer was the 1x MOPS SDS buffer (Invitrogen, Carlsbad,
CA, USA). Silver stain SDS-PAGE molecular weight standards, low range (Biorad,
Hercules, CA, USA), were used. After electrophoresis, proteins were visualized by staining
with silver nitrate [17]. Location of tannase activity within the gel was determined as
described by Ramirez-Coronel et al. [39].

Enzyme Deglycosylation

The purified enzyme was deglycosylated using endoglycosidase H and N-glycosidase F.
For deglycosylation with endoglycosidase H, the samples were prepared by adding 10 pL
of purified tannase in 10 pL of incubation buffer (0.1% SDS, 1% Tween 20, 25 mM EDTA
dissolved in 50 mM sodium acetate buffer pH 5.5). Endoglycosidase H was added at
10 mU final concentration. The mixture was incubated at 37 °C for 18 h. The
deglycosylation with N-glycosidase F was done by adding 10 uL of the purified tannase,
10 uL 100 mM phosphate buffer pH 7, 1 pL denaturation solution (2% SDS, 1 M f3-
mercaptoetanol), and 1 pL detergent solution (15% Tween 20). N-glycosidase F was added
at 10 mU final concentration. The mixture was incubated at 37 °C for 18 h. Samples were
resolved on a SDS-PAGE.

Enzyme Stability

The optimum temperature was determined by incubating the reaction mixture for 15 min at
different temperatures (30, 40, 50, 60, 70, 80, and 90 °C). The substrate solution (0.01 M
methyl gallate in 50 mM phosphate buffer pH 7) and 50 mM phosphate buffer were pre-
incubated at the different temperatures before beginning the enzymatic reaction. The
tannase activity was assayed as described above. The stability temperature assay was done
by incubating for 1 h the purified enzyme at the different temperatures mentioned
previously and determining the residual tannase activity. The obtained tannase activity at
30 °C was taken as control. Experiments were done in triplicate.

The optimum pH for tannase activity was determined at 30 °C by incubating the enzyme
with substrate at different pH (3 to 8) for 15 min. The tannase activity was assayed as
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described above. The stability pH was determined incubating the enzyme for 24 h in buffer
at different pH values. Residual tannase activity was determined. The control was done by
incubating the enzyme in water for 24 h. Experiments were done in triplicate.

Enzyme Catalysis

The Michaelis—Menten constant (K,,) was calculated for two substrates (tannic acid and
methyl gallate) by monitoring tannase activity at different substrate concentrations in
50 mM phosphate buffer pH 7 (0.015 mM-2.4 mM methyl gallate concentrations and
0.015 mM-0.3 mM tannic acid concentrations). The effect of substrate concentration on
tannase activity was determined as described above. K, was calculated by the method of
Lineweaver—Burk.

Effect of Metal Ions and Chelator on Tannase Activity

The effect of seven salts MgSO,4, CuSO4, FeSO,, KCl, CaCl,, ZnSO,4, and MnCl, and the
influence of the chelator EDTA on tannase activity were studied. Tannase activity was
assayed by adding the compound at 1 mM final concentration. The enzyme activity was
assayed as described above.

Data Analysis

The significance value used to reject the null hypothesis was P<0.05. Where it was needed
a Tukey’s range test was used for mean treatments separation.

Results
Tannase Production in SSF and SmF

Tannase was produced extracellularly by 4. niger under SmF and SSF using tannic acid as
sole carbon source. At the end of incubation crude extracts with 1,861.64 and 14.76 U/mL
of culture broth were obtained from SSF and SmF. This represents a production and
productivity 126 times higher in SSF than SmF. Also, the specific activity of SSF crude
tannase extract was 5.5 times greater than that produced under SmF.

Purification

Crude tannase extracts were fractionated employing isoelectric focusing. The tannase
fractionation profiles were into acid region (pH 3-6). Fraction containing maximum SSF
tannase was at pH 3.3 and the fraction containing maximum SmF tannase activity was at
pH 4.6. Therefore the tannase isoelectric points are different.

After isoelectrofocusing fractionation, the fractions containing tannase activity
were applied to ionic-exchange chromatography. Anionic-exchange chromatography
allowed the fractionation of tannase extract produced in SSF; whereas for the
tannase, extract produced in SmF only allowed the protein concentration. An efficient
fractionation of SmF tannase extract was obtained using high S cationic-exchange
chromatography column.
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Gel filtration chromatography using Superdex G-200 column allowed the resolution of a
single tannase band. SSF and SmF pure tannase obtained after gel chromatography had a
specific activity of 264.45 and 2,066.67 U/mg, respectively. This represents a 153- and 477-
fold purification of tannase produced under SSF and SmF, respectively. The recovery of
SSF enzyme was 11% while SmF enzyme recovery was only 3.4%.

Characterization

The obtained pure tannase fractions were run under SDS-PAGE (Fig. 1). Silver staining
revealed bands with relative molecular masses of 102 kDa for SSF tannase and 105 kDa for
SmF tannase. A second polyacrylamide gel was run for detection of tannase activity
containing SSF and SmF pure tannase fraction (Fig. 2). The detection of one band with
tannase activity coincided with the 102 and 105 kDa silver staining band for SSF and SmF
tannase, respectively.

Native and deglycosylated tannases are shown in Fig. 3. Deglycosidase enzymes used
were N-glycosidase F (N-G-F) and endoglycosidase H (Endo H), both enzymes act on N-
glycosylations. N-G-F enzyme acts on high mannose N-linked glycosylation (HM-N-Gly)
and Endo H enzyme acts breaking bonds between N-acetylglucosamine and asparagine.
Lanes 1 and 2 correspond to SSF and SmF tannases, respectively. The relative molecular
weights were slightly different (102 and 105 kDa, respectively). Treatment with Endo H
glycosidase produced similar effect to both tannases (they lost about 18 kDa in weight), the
SSF enzyme migrated 84.5 kDa and SmF tannase at 86 kDa. On the other hand, treatment
with N-G-F demonstrated differences in N-glycosylation levels: the deglycosylated SSF
tannase migrated at 78 kDa, whereas SmF tannase did not show lost in weight.

Tannase assay was performed at different pH (from 3 to 8) to obtain optimum and
stability pH’s values, results are shown in Fig. 4. It is known that the optimum pH is
determined for protonation and deprotonation of the active site amino acids and by the
changes induced by ionization of other amino acids. The enzymes were active over the
wide range studied. SSF and SmF tannases activity were found to increase as pH increase.
Optimum pH to SSF tannase was at pH 6 and 67 for SmF tannase. A minor secondary
peak at pH 4 was found in both enzymes with the 70% of tannase activation.

12 34 5 1 2 3 4 5 6
&= BE- "
216 @ 216.
T
132. - 132' -
‘... Yt

<N | 78.

46 , 46 ,

36 a 36 b
Fig. 1 SDS-PAGE of 4. niger GH1 tannase silver stained. a SSF tannase and b SmF tannase. Lane / (a, b)
molecular mass marker. Lane 2 (a, b) isoelectrofocusing fractions contain tannase activity. Lane 3 (a, b)
high-Q chromatography fractions contain tannase activity. Lane 4 (a, b) high-trap Q chromatography

fractions contain tannase activity. Lane 5 (b), high S chromatography fraction contain tannase activity. Lanes
5 (a) and 6 (b), Sephadex 200 gel filtration fractions contain tannase activity
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Fig. 2 Localization in gel a 1 2 b i 2.
of tannase activity. a SSF tannase | f—
and b SmF tannase. Lane / 216 216
(a, b) molecular mass marker; 1
lanes 2 (a) and 3 (b), tannase 32 - [ i
activity band 78 | 78
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46 46

36
36 Lﬁ' r—

The stability pH was 6 at 4 °C for 24 h for both purified tannases maintaining 100% of
enzymatic activity. SmF tannase supported 90-100% enzymatic activity at pH 5-7.
Whereas the SSF tannase at pH values of 5 and 6, supported 85-100% activity. The SmF
tannase was most stable at different pH than SSF tannase.

The temperature for optimum activity of SSF and SmF tannases were 60 °C. The SSF
and SmF tannases of 4. niger were stable at 60 °C for 1 h incubation retaining around 90%
of activity. Both purified tannases lost the activity at 80 °C, nevertheless, the SmF tannase
only lost 20% of activity at 70 °C for 1 h incubation and SSF tannase retaining 30% of
activity at the same conditions (Fig. 5).

The analysis of substrate concentration on SSF tannase activity yielded K,=0.78 mM
and Vpax=5.09 mM/min; and SmF tannase yielded K;,=7.41 mM and V},,,x=5.27 mM/min
for methyl gallate substrate. For tannic acid substrate, SSF tannase yielded K,=1.4 mM
and Viy=11.03 mM/min; SmF tannase K,,=0.49 mM and V;,,x=0.63 mM/min. SSF
tannase showed higher affinity for methyl gallate substrate, whereas SmF tannase for tannic
acid substrate.

The effect of metal ions on tannase activity was evaluated. None of the studied metal
ions increased the enzymatic activity. An inhibition pattern was not observed when SSF and

Fig. 3 SDS-PAGE analysis of 12 3 4 5 6
purified tannase (reduced, silver a e T T T
stained). Lanes / and 2, SSF and
SmF native pure tannases, 216
respectively. Lanes 3 and 4, SSF 132
and SmF deglycosylated tannases e g e
with Endo H, respectively. Lanes 78 ot gt
5 and 6, SSF and SmF
deglycosylated tannases with
N-glycosidase F, respectively
46
36
18
8
6
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Fig. 4 Effect of pH on a activity and b stability on 4. niger tannases produced in SSF and SmF

SmF tannases were compared. All metals ions had an inhibition activity of 30-46% on SSF
tannase. On SmF tannase, FeSO,4 had the maximum inhibition activity (63%) and CacCl, the
minimum with 7%. The majority of metal ions inhibited 12-33% SmF tannase activity
(except CuSQy, 41%). SSF tannase was more susceptible to the presence of metal ions.
There are no reports that compared the influence on tannases produced under different
culture conditions.

Discussion

Tannase is an enzyme with several interesting applications in industry. However, its
potential has been limited mainly due to its high production cost [4]. Several authors have
proposed the application of SSF for improving the production of tannase and other
industrial enzymes [5]. Several advantages of SSF process over traditional SmF have been
reported. Among them, it is often cited that enzyme titers are higher than in SmF, when
comparing the same strain and fermentation broth [48]. There are a few papers reporting
higher stability of SSF tannase at a broad range of pH and temperature [29, 30, 40]. But
there is no evidence about structural differences of both enzymes that explain such
observations. In this paper, we report a comparative study of structure, stability, and
catalytic properties of A. niger tannase produced under SSF and SmF.
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Fig. 5 Effect of temperature on a activity and b stability on 4. niger tannases produced in SSF and SmF

Higher productivity of tannase was obtained in SSF than SmF. Aguilar and co-workers
[2, 3] reported similar results; they found the tannase productivity five times higher in SSF
than SmF. According to Viniegra et al. [48], this behavior is generally found and it is due to
the influence of different diffusion parameters of solutes and oxygen on the matrix of SSF.

Tannase produced by A. niger in SSF showed 5.5 times higher specific activity than
SmF tannase. Similar results were found for lipase and polygalacturonase production by
Aspergillus species. In those cases, specific activity of enzymes was 1.4-5 times greater
when it was produced under SSF [34, 42, 46].

Isoelectrofocusing of tannase produced by SSF and SmF evidenced different isoelectric
points of enzymes. Isoelectric point of characterized tannases is between 3.5 and 4.4. For
example, Ramirez-Coronel et al. [39] reported an isoelectric point of 3.8 for the
extracellular tannase produced in SSF by A. niger. More recently, Beena et al. [11]
characterized an Aspergillus awamori tannase with isoelectric point of 4.4. This is the first
article that reports differential profiles of isoelectrofocusing points of extracellular tannases
produced under SmF and SSF.

During protein purification, the use of different chromatography columns indicates
differences on electrostatic properties of tannase produced under the two different
fermentation systems. At the moment, the use of cationic-exchange chromatography
column for tannase purification has not been reported.

A slight, but significant difference was found in molecular weight of both tannases (102
and 105 kDa for SSF and SmF, respectively). Also an important difference on the degree of
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glycosylation was observed when both enzymes were hydrolyzed by N-glycosidase F. This
is the first report on structural differences between tannases produced under SSF and SmF.
These structural disparities could explain their different behavior.

It has long been known that glycosylation often improve the stability and solubility
of proteins. N-linked glycosides bind aromatic residues and reduce solvent access to
regions of the peptide backbone. Additionally, glycoside residues could stabilize the
disulfide bonds limiting the peptide backbone flexibility [13]. In the case of A. niger
tannase, the enzyme produced in SSF has an apparent higher content of glycoside
residues, but showed a lower thermal and chemical stability. This could contradict the
general observation of protein stabilization by glycosylation, but in order to confirm this
hypothesis it is necessary to investigate if the tannase produced by A. niger under SSF is
the same protein that produced under SmF.

It has been observed that culture conditions of SSF can significantly modify the
molecular mechanisms that regulate gene expression. For example, the main glucoamylases
of Aspergillus oryzae are encoded by glad and glaB genes and expression of these genes
strongly depends on the culture system. In solid-state culture, the level of glaB expression is
200-fold higher than that of gla4, and in submerged culture, the level of glad expression is
10-fold higher than that of glaB [24]. On the other hand, differences in post-translational
modifications of protein when they are produced under SSF have been found. For example,
the three principal enzymes responsible of the (-glucosidase activity of Aspergillus
kawachii are coded by the same gene and subsequently modified at different degrees of
glycosylation (Mw=120, 130, and 145 kDa). Two of these enzymes are secreted
extracellularly, and the other one remains bound to the cell wall. When A. kawachii is
grown in SSF, the ratio of production between these enzymes (coded by the same gene) is
modified, and as consequence, the extracellular/intracellular ratio for 3-glucosidase is
16-fold enhanced with respect at the SmF system [26]. In the case of 4. niger tannase,
this is the first report on structural differences between the enzyme produced in SmF and
SSF, and the molecular mechanism of the tannase production are still unknown.

Most of fungal tannases has been reported to be multimeric proteins formed by two
to eight subunits, e.g., Ramirez-Coronel [39] purified and characterized an A. niger

SSF-Tannic acid SmF-Tannic acid
4 30
25
< >
i 2 ~ 15
, 10
5
10 5/‘§ 5 10 15 2'0 25 30 35 .1'0 %} 10 20 30 ‘;0
’ 1/5 10 l/S
5 SSF-Methyl gallate SmF-Methyl gallate
4 30
3 >
2 15
; . - 10
5
10 /;&J 5 10 15 20 25 30 -10 5/5} 5 10 15 20 25
1/S -10

1/s

Fig. 6 K, and V;,.x of 4. niger tannase produced in a SSF and b SmF with (1) methyl gallate and (2) tannin
acid as substrate were calculated by Lineweaver—Burk plot
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tannase which is active in monomeric and dimeric iso-forms of 90 and 180 kDa,
respectively; Boer and co-workers found that tannase from the dimorphic yeast Arxula
adeninivorans is composed of homo-tetramer with subunits of 80 kDa [18]; Beena et al.
reported a tannase of 4. awamori formed by six identical subunits of 37.8 kDa;
meanwhile, it has been reported that native tannase of A. oryzae consists of four pairs of
two types of subunits (30 and 34 kDa, respectively) linked together by disulfide bonds,
forming a hetero-octamer of 310 kDa [25].

All fungal and yeast tannases are glycoprotein with a variable content of carbohydrates
ranging from 5.4% to 64% [1, 8, 10, 11, 14, 18, 27, 31]. Tannase glycosylations consist
primarily of neutral sugars like mannose, galactose, and hexosamines [7]. The biological
function of this high carbohydrate content is unknown, but may be related to ability to
tolerate the denaturing action of tannin [30]. This hypothesis is supported by the
observation that tannase and other tannin-resistant proteins are glycoprotein with a high
content of carbohydrate [45].

Two peaks were found for optimal pH of SSF and SmF tannases. Sharma et al. [43]
described similar results; they reported two pH optima peaks of 6.0 and 4.5. According to
those authors, the presence of two optimal pH values of activity may are related to different
galloyl-esterases activities, gallic acid esterase, and depsidase. This characteristic allows
multiple tannase applications.

Tannase from A. niger showed a high thermotolerant activity. This property has been
reported by several authors for other Aspergillus tannases [29, 43, 49]. However, there are
few reports of tannases that show activity at 70 °C [12, 39]. The thermotolerant enzymes
are preferred for industrial applications.

Apparently, the glycosylation level may affect the interaction between the enzyme and
substrate. K, and V. were calculated by Lineweaver—Burk plot (Fig. 6).

All metal ions tested had a negative effect on tannase activity. Bhardwaj et al. [15]
reported CaCl,, CdCl,, MnCl,, MgSO,, and ZnCl, had inhibition effect on A. niger
intracellular tannase activity (40-58%), EDTA did not show inhibitor effect. Rajakumar and
Nandy [38] found inhibition effect of Cu'?, Zn™, Fe™, and Mg+2 on A. oryzae tannase
activity.

This study revealed important differences in stability and catalysis of tannase produced
under SmF and SSF by a wild 4. niger, which may evidence the effect of fermentation
system on enzyme functionality and specificity. These disparities in behavior could be
related with differences in glycosylation. Finally, tannase can be produced as a specialty
depending of the desired industrial characteristics.
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