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Keywords
Tannase is an enzyme that causes hydrolysis of a group of tannins (gallo-tannins) to gallic

acid and glucose. This enzyme is of importance due to its numerous applications in many
fields, such as in the food industry by enhancing tea and coffee flavour and improving the
quality of fruit juices rich in tannins. Gallic acid is applied in the drug industry, and pro-
duction of antioxidants is used in the oil industry. In this study, Tannase was produced by
locally isolated Bacillus licheniformis using spent tea as substrate using submerged fermen-
tation. The crude enzyme was extracted and centrifuged at 10,000 rpm for 10 minutes at
15°C, and a partial purification was carried out using precipitation by ammonium sulphate
80%, then Sephadex G-75 gel filtration column (2.2x1.8 cm) with acetate buffered solution
(0.2 M, pH 5.0) at a flow rate of 60 ml/h up to 3.16 fold with a specific activity reaching
0.931 IU/mg(unit of enzyme per mg). The molecular weight of the purified enzyme was
determined to be 48 kDa using SDS-PAGE. Thus, the purification step is a step before ap-
plying the pure enzyme in the food industry.

Tannase; Bacillus
licheniformis; partial
purification; ammonium
sulphate; gel filtration.

1. Introduction

Tannase or Tannin Acyl Hydrolases (EC3.1.1.20), is a
tannin-degrading enzyme that breaks down tannins
from the gallo-tannins group into gallic acid (3,4,5-tr-
ihydroxybenzoic acid) and glucose (Van de Lagemaat
and Pyle, 2005).

The importance of this enzyme is due to its wide ap-
plications in many industrial fields, especially food
industry, such as the production of instant tea, iced
tea and coffee flavourings (Lu et al., 2009), and indus-
trial clarification of beverages such as fruit juice, wine,
and beer(Vaquero et al., 2004; Aguilar et al., 2007) and
it is also used to reduce the anti-nutritional effects of

1

poultry and animal feed along with food de-tanifica-
tion (Xu, 2010). It is also used in industrial tannery
effluent treatment (Orlita., 2004). One of the main
commercial applications of tannase is in the hydrol-
ysis of tannic acid into gallic acid (Chavez-Gonzalez
et al., 2012) an intermediate precursor necessary for
the synthesis of the antibiotic trimethoprim(Bajpai
and Patil, 2008) and used in the production of propyl
galate, mainly as an antioxidant in fats, oils, and bev-
erages (Hota et al., 2007).

Although tannase is present in plants, animals, and
microorganisms, it is produced in substantial amounts



by the latter. Tannase is produced by bacteria, yeasts,
and fungi such as Aspergillus niger, Penicillium sp,
and Trichoderma sp, and bacteria, such as LactoBa-
cillus plantarum, Klebsiella pneumoniae, Enterococcus
faecalis, Bacillus sphaericus, Bacillus cereus, Bacillus
massieliensis and Bacillus licheniformis (de Las Ri-
vas.,2019; Kumar et al., 2015; Sharma and John, 2011;
Mondal and Pati, 2000), where the microbial source of
the enzyme is considered more stable than the other
sources, (Chavez-Gonzalez et al., 2011).

A major factor that limits the application of tannase
enzyme in industry is its high cost and the small num-
ber of studies carried out concerning the physical and
chemical properties of this enzyme. Production of
tannase in laboratories was accomplished by methods
of small-scale fermentation using flasks and shaker
incubators from which optimal conditions for pro-
duction were determined. Production methods were
developed to obtain a higher yield of enzymes at the
lowest cost (Sharma et al., 2014). Pure tannic acid was
previously used in tannase production as a sole car-
bon source, but it was of high cost and did not suit
enzyme production at an economical level. The best
solution was the use of crude tannins in tannase pro-
duction (Selwal et al., 2011). Their main sources were
agricultural wastes, forest wastes, and factory wastes
(olive pomace, grape pomace, pomegranate peels, cof-
fee pulp, tea residue, etc.), which are considered to be
the best sources of tannin-rich substrates (Sharma et
al., 2014; Bhoite and Murthy, 2015).

Purification and characterization of tannase have
been attempted in numerous studies from both plant
and microbial sources. The end products of the fer-
mentation process usually contain some undesir-
able components, which are reduced to the greatest
possible extent by applying several purification steps
(Gayen and Ghosh, 2013; Dhiman et al 2023), and the
enzyme must be concentrated to increase its specific
effectiveness, so several methods have been used, such
as precipitation with salts or solvents, followed by ion
exchange chromatography methods or separation ac-
cording to the principle of size. (Govindarajan et al
,2021)

The resulting tannase has been purified from different
types of bacteria, such as Bacillus subtilis (Jana et al.,
2013), Bacillus cereus (Mondal et al., 2001), Klebsiella
pneumoniae (Sivashanmugam and Jayaraman, 2011),
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LactoBacillus plantarum (Iwamoto et al, 2008),
Streptococcus gallolyticus (Jiménez et al., 2014) and
Enterobacter cloacae (Govindarajana et al., 2021).

Several studies have indicated that the molecular
weight of tannase from bacterial sources ranges be-
tween 40-90 KDa (Iwamoto et al., 2008; Sharma and
John, 2011) and is mainly composed of one part. How-
ever, some studies have revealed that tannase pro-
duced by Rhodococcus sp and L. plantarum consists of
two subunits (Nadaf and Ghosh., 2011; Beniwal et al.,
2013), while the molecular weight of fungal tannase
ranges between 50-320 KDa and often consists of two
subunits (Boer et al., 2009).

This study aimed to purity of tannase and the molecu-
lar weight determination of the purified enzyme.

2. Materials and methods
2.1. Microorganism

Bacillus licheniformis was used in the current study. It
was isolated from soil samples of an olive field in Lat-
takia, Syria, and named T13 in 2017. It was selected
from among 30 isolates that produced tannase.

It was grown and maintained on nutrient agar (HiMe-
dia, India) plates containing 0.5% tannic acid (Sigma
Aldrich, China) filter sterilized as a substrate (it is rich
in tannin) and sole source of carbon, plates were in-
cubated at 30°C for 48 hours (Brahmbhatt and Modi,
2015).

2.2. Tannase production

Bacterial tannase was produced from Bacillus licheni-
formis by submerged fermentation using spent tea as
substrate.

The fermentation medium was prepared according
to the method of Aftab et al (2016). The fermentation
medium was sterilized in an autoclave after the ad-
dition of spent tea substrate with a concentration of
1.5% (w/v) and a pH of 5.0 and subsequently incuba-
tion was performed at 35°C for 48 hours with shak-
ing at 150 rpm. Detailed information about enzyme
production was presented in a recent work (Haddad
et al.,2021)
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2.3. Determination of Tannase Activity

The fermentation product was centrifuged at 10,000
rpm for 10 minutes at 15°C, then it was filtered, and an
estimation of tannase activity was assayed (Brahmb-
hatt and Modi, 2015).

Tannase was assayed by the method based on chro-
mogen formation between gallic acid and rhodanine
(2-thio-4-ketothiazolidine). An enzyme sample (0.25
ml) of culture filtrate and a substrate solution of me-
thyl gallate 0.05M (0.25 ml) were pre-incubated at
30°C for 5 minutes, then 300 pL of 0.667% methanol-
ic rhodanine (Sigma Aldrich, Germany) was added
to the mixture and incubated for 5 minutes at 30°C.
This was followed by the addition of 200 pL of KOH
(0.5M). The mixture was then diluted to 5 ml by add-
ing distilled water. After incubation for another 10
minutes at room temperature, absorbance at 520 nm
was measured by a spectrophotometer. One unit of
tannase activity is defined as the amount of enzyme
required to release 1 umol of gallic acid per minute
under standard assay conditions (Sharma et al., 2000;
Fang et al., 2019).

2.4. Determination of protein concentration

The protein concentration was determined according
to the method of (Bradford, 1976). The assay depends
on the observation of an acidic solution of Coomassie
Brilliant Blue G-250 at a wavelength of 595 nm. The
ug of protein was estimated using the pg standard of
bovine serum albumin (BSA) with concentrations be-
tween 0.1 and 1 pg/ml

For the Coomassie Brilliant Blue G-250 reagent, 100
mg of Coomassie Brilliant Blue G-250 was Dissolved
in 50 ml of 95% ethanol then 100 ml of 85% (w/v)
phosphoric acid was added to the solution above. the
volume was completed to 1000 ml by distilled water,
filtered through Whatman No.1 filter papers, and
stored in a dark and clean bottle at 4°C.

200ul of Coomassie Brilliant Blue G-250 Reagent was
added to 800 pl of enzyme solution left at room tem-
perature for 15 min then the absorbance was Meas-
ured at 595 nm.
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2.5. Partial purification of tannase

The purification of tannase from microbial sources
generally involves sequential chromatography tech-
niques, mainly, ion exchange, gel filtration, and HPLC
(Chaitanyakumar and Anbalagan, 2016; Goncalves
et al,2011). In these steps, a considerable amount
of enzyme is lost due to autolysis and some remain
physically adsorbed on the matrix. To overcome these
constraints, two-steps purification systems have been
employed.

2.5.1. Precipitation with ammonium sulphate

The enzyme was precipitated by adding solid ammo-
nium sulphate to the enzyme extract with continuous
slow stirring at a temperature of 4 °C until reaching a
saturation point of 80%. The precipitated protein was
separated by centrifugation at 9000 rpm and re-sus-
pended in a minimum amount of acetate buffer (0.2
M, pH 5.0), and it was kept at 4 °C until use (Jana et
al., 2013).

2.5.2. Gel-filtration using Sephadex G-75 gel

The Sephadex G-75 gel (Sigma, USA) was suspend-
ed using an acetate buffer (0.2 M, pH 5.0). The gel
was degassed with a vacuum pump using a Buechner
flask, then it was gently poured into a (2.2x1.8 cm)
glass column, and it was washed with acetate buff-
ered solution (0.2 M, pH 5.0) three times. the 10 ml
of the solution containing the enzyme from the previ-
ous step was loaded onto the Sephadex G-75 column.
The protein fractions (5 ml) were eluted at a flow rate
of 60 ml/h. Fractions showing enzyme activity were
collected with a volume of 1 ml and pooled in small
tubes absorbance measurements were performed at A
= 280 nm, and contents of the tubes with the highest
absorbance were collected to determine tannase activ-
ity and to estimate the protein concentration fractions
corresponding to high tannase activity were pooled
and stored at -20°C.

2.6 SDS-PAGE and determination of the molecular
weight of tannase

The Prpbable Molecular mass of The purified tannase
was determined by sodium dodecyl sulphate- poly-
acrylamide gel electrophoresis (SDS-PAGE) accord-
ing to the method of Laemmlis (Laemmli., 1970)
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using standard marker proteins. Electrophoresis was
done on 12% gel and the separated protein band was
detected by Coomassie blue staining. The stacking gel
consisted of 4% polyacrylamide.

The loading buffer containing SDS (2% w/v), B-mer-
captoethanol (5% v/v), glycerol (1% v/v), and bromo-
phenol blue (1% w/v) was mixed with protein concen-
trate samples (4:1 ratio). The resulting solution was
heated to 95 °C for 5 min in a temperature-controlled
water bath to promote protein denaturation. The op-
erating conditions were 120 V and 400 mA for two
hours. The gels were stained with Coomassie Brilliant
Blue R-250. The standard marker pre-stained pro-
tein ladder (molecular weight ranging from 10 to 250
kDa) was used to identify the sample by its molecular
weight.

3. Results and discussion

3.1 Partial purification of tannase produced by Ba-
cillus licheniformis

The purification steps of extracellular tannase from
Bacillus licheniformis were carried out according to
(Jana et al., 2013) as follows:

3.1.1 Preparation of the crude enzyme

Tannase was produced by Bacillus licheniformis using
spent tea as a substrate. 100 ml of crude enzyme was
used to perform the purification steps.

3.1.2 Precipitation by ammonium sulphate 80%:

The tannase purified by ammonium sulphate 80% had
a 1.88 fold yield increase and 14.95% recovery with
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the specific activity of 0.554U/mg Table (1).

These findings were consistent with the previous stud-
ies that recommend subjecting the enzyme extract of
tannase to precipitation with ammonium sulphate be-
cause of its importance in the partial purification of
the enzyme (Jana et al., 2013) precipitation with am-
monium sulphate increased yield 1.25 fold.

3.1.3 Gel-filtration using Sephadex G-75 gel

The second step was performed using a Sephadex
G-75 gel column as described above, its results are
shown in Figure (1) where the absorbance of each
fraction measured at A =280 nm is presented together
with the obtained enzyme activity. It is reasonable that
fractions with the highest enzyme activity values con-
tain with a high probability the purified enzyme, from
this figure it can be concluded that they lay between
fractions 58 and68

Tannase purified by gel filtration was a 3.16 fold yield
increase and 12.4% recovery with the specific activity
of 0.931U/mg as mentioned in Table (1). This table
shows a summary of the purification steps and re-
sults of tannase produced by Bacillus licheniformis.
It clearly showed that enzyme purification leads to
an increase in the specific enzyme activity and a de-
crease in the total protein concentration. The enzyme
was purified up to approximately 3.16 fold. This result
seems to be reasonable in comparison with literature
data regarding the purification of tannase produced
by Bacillus strains. Several purification steps includ-
ing Precipitation by ammonium sulphate and size ex-
clusion chromatography.

Jebur (2020) was able to purify the tannase produced

Table 1. Purification steps of tannase from Bacillus licheniformis.

. . volume | activity [U/ T(?ta.ll Proteln. Sp e.c1.ﬁc purification | Enzyme
Purification steps [ml] ml] activity | concentration | activity fold ield [%]
[U] [mg/ml] | [U/mg] v
Crude extract 100 0.315 315 1.07 0.294 1 100
aiiﬂﬁi‘“ﬂi‘;ﬁl‘;l‘:;e 10 0.471 471 0.85 0.554 1.88 14.95
Sephadex G-75 Gel 10 0.391 3.91 0.42 0.931 3.16 12.4
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Figure 1. Purification of tannase using Sephadex G-75 column acetate buffered solution (0.2 M, pH
5.0) at a flow rate of 60 ml/h. Column size was (2.2x1.8 cm).

from Bacillus licheniformis HJ2020 MT1927.1 after
purification by several steps, represented by precipi-
tation with ammonium salts, then by DEAE-cellulose
ion exchange column, and then by Sephadex G-100
chromatography column, and the enzymatic yield was
25.39%, and the 5.24 fold. Moreover, Jana et al. (2013)
managed to purify the tannase produced by Bacillus
subtilis PAB2 using precipitation with ammonium
salts, followed by the use of Sephadex G-75 chroma-
tography column, and the enzyme yield was 24.18%
and 5.04 fold. Sharma and John (2011) also purified
the tannase produced from Enterobacter sp, and the
enzyme yield was 162% and 7.1 fold.

3.2- Protein separation using SDS-PAGE

The molecular weight of the purified enzyme by gel
filtration method (Sephadex-G-75 column) was ana-
lysed using SDS-PAGE Figure (2) lane (A) represents
SDS-PAGE results for the standard molecular weight
markers. The analysis revealed a single band with a
molecular mass of 48 kDa after purification with Se-
phadex G-75 gel (lane B) and many bands in lane (C)
of crude enzyme one of them being 48 kDa.

The molecular weight of tannase varies depending on
the organism. According to Yao et al., (2014) the mo-
lecular weight of the tannase enzyme was discovered
to be between 50-320 kDa and is naturally monomer-
ic. It has also been observed that tannase comprises

two or more subunits. In contrast, Aharwar & Parihar
(2018) indicated that bacterial tannase has a low MW
ranging from 31 to 90 kDa, but fungal tannase has a
large MW ranging from 45 to 310 kDa. A molecu-
lar weight of 52 kDa was reported for tannase pro-
duced from Bacillus subtilis PAB2 (Jana et al., 2013),
46.5 kDa for tannase produced from K. pneumoniae
(Iwamoto et al., 2008), 50 kDa for tannase produced
LactoBacillus plantarum (Sivashanmugam and Jayar-
aman, 2011).

4. Conclusions

Tannase enzymes produced by Bacillus licheniformis
through submerged fermentation using spent tea as
substrates were purified up to 3.16 fold and had a spe-
cific activity reaching 0.931 IU/mg. Purified enzyme
had a molecular weight of 48 kDa. Similar low mo-
lecular weight values have been reported for tannase
produced by other Bacillus spp. Further investigations
may demonstrate the applications of this finding.
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