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ABSTRACT

Tannin acyl hydrolase (E.C.3.1.1.20) commonly reféito as tannase, is an industrially importantyane that is
mainly used in the food, chemical, beverage andrpheeutical industry. In this study, tannase prddut was
investigated using Aspergillus niger isolated fréwark of tannin rich Acacia nilotica. Optimizatiorf culture
conditions for maximum tannase production includgddying the effects of incubation period, incutmati
temperature, pH, carbon and nitrogen sources, imdsicand metal ions on A. niger and enzyme activitye
optimum culture conditions determined were tannéidaas inducer, 7 days(168hrs) incubation perio@;G
incubation temperature, pH 5.0, 1%(w/v) tannic aeil carbon source and 1%(w/v) sodium nitrate asogin
source for maximum tannase activity. Tannase wafigui7.17 fold with a specific activity of 10182/ml protein
and a yield of 18.35%. Molecular characterizatioeluded the zymography and purification of tannaseyme.
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INTRODUCTION

Tannin Acyl Hydrolase (E.C. 3.1.1.20) is an indleienzyme commonly known as tannase. Tannase (TAH)
catalyzes the hydrolysis of ester and depside bondgdrolysable tannins such as tannic acid, niggaljate, ethyl
gallate, n-propyl gallate and isoamyl gallate, asleg glucose and gallic acid. Gallic acid catadytee second step
in the degradation of the polyphenol, tannic adid][ Tannase is known to be a membrane bound en@2jend
is also secreted outside the cell [13]. Tannasebeaobtained from various sources such as anirpkdsts and
microorganisms [1, 15, 30]. Tannase is producednrsitely from fungi as they are fast growing andywdiverse
naturally. Their environmental and genetic manipafais easier, needed for generation of novel pceds in
reduced time period. Tannase from fungal sourcegpsrted to be highly active over a wide rangepldf and
temperature. Although tannase productiorAispergillus nigercan occur in the absence of tannic acid, this dsng
tolerates tannic acid concentrations as high as(@0#qy without having a deleterious effect on btk growth and
enzyme production [24].

Fungal tannase is used in many industrial apptioatincluding clarification of fruit juices [4], e@nnification of
food [10], preparation of food preservatives [2gh grade leather tanning [20], clarification &edp and winefb],
beer chill proofing [23], manufacture of coffeeviteied drinks [33], manufacture of instant tea [3@pduction of
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gallic acid which is used for the synthesis of gthoprim [32], manufacture of pyrogallol and prbgsllate, dyes
and inks [29], treatment of green tea to inhibie tbarcinogenic and mutagenic effects of N-nitroses
stabilization of malt polyphenols [21], improvedl@ostability and additional organoleptic propestién animal
feeding, tannase is used to reduce the anti-rastdti effects of tannins and improved animal didpgty [7].
Tannase is also utilized for bioremediation ofigfits from tanneries [24]. In addition, tannasgsisd as a sensitive
analytical probe for determining the structure afumally occurring gallic acid ester [11]. Thusspergillus niger
isolated from tannin-rich bark dfcacia niloticahas been used as an important bioreactor in iy $or maximum
tannase production.

MATERIALS AND METHODS

Chemicals
All the chemicals and reagents were of analyticatlg purchased from HI-MEDIA Pvt. Ltd., Mumbai, lad

Microorganism

One hundred and fifteen fungal isolates were ctlbdrom the bark ofAcacia niloticatrees from AOC Centre,
Secunderabad, Andhra Pradesh, India in the monttiogémber, 2010. Fungal isolates that succeedepow in

the presence of tannic acid-supplemented Potatotr@x Agar media were tested for tannase production
individually.

All fungal species were identified by microscopi@abysis by using taxonomic guides and standardguhaes [14].
The most active tannase producing fungus was ffiehtas Aspergillus nigerand was maintained on PDA plates
containing tannic acid and stored at 4°C and sutoh&d at monthly intervals.

Qualitative screening for tannase produchsgpergillus nigerculture was carried out on tannic acid agar plates
(TAA) containing 1% tannic acid and 3% agar anarding the clear zones formed due to hydrolysitanhic acid
around the fungal colony [26].

Preparation of spore suspension

Fungal spore suspension was prepared by adding dfGsterile distilled water containing 0.1% (v/vv&en 80 to a
fully sporulated and induced culture. The sporeeeveisiodged using a sterile inoculation loop unsteict aseptic
conditions and then vortexed. The spores were edunsing Neubauer chamber before inoculation. Tihenve of
1 ml of the prepared spore suspension containidg3pores was used as inoculum.

Mode of fermentation

Cultivation of fungus was carried out by submerdednentation (SmF) in 250ml Erlenmeyer flasks usihg
Czapek's Dox medium supplemented with filter Stesd tannic acid at 1% concentration as sole soafr@arbon,
autoclaved at 121°C; 15 Ibs. for 20 minutes and theculated with prepared inoculum (1%v/v) anduinated for
72 hours at room temperature (28+2°C). Samples wihelrawn at regular intervals of 24 hours andesbed for
tannase activity.

Enzyme extraction
Tannase was extracted according to standard eneytreection method [26] and was either stored atC26r used
immediately.

Tannase assay
Tannase activity produced Bspergillus nigerisolate was assessed using the Rhodanine metBhdifZe enzyme
activity was calculated from the change in absotban

A p520= (Aest— Aviankd) — (Acontrol = Ablank)

One unit (U) of the enzyme activity was definedtfas amount of enzyme required to liberate one micie of
gallic acid formed per minute under the definecttiea conditions.
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Protein determination
The total soluble protein was determined by meagunptical density of developed color at 595 nm[I®e g of
protein was estimated using pg standard of bovéngns albumin (BSA).

Optimization of factors affecting tannase activity:

Effect of tannic acid concentration Tannic acid was used as an inducer for maximumase production varying
from 0.5%-10% (w/v) concentrations. Flasks werentzined in triplicates and tannase activity wasdsained as
mentioned earlier.

Effect of different incubation periods. To evaluate the effect of different incubationripds on tannase
production, the flasks were incubated at 30°C féfexknt time periods ranging from 3 days to 21 slaytervals.
Samples were withdrawn periodically at every 24re@nd assayed for tannase activity as describéidrea

Effect of different incubation temperatures To study the effect of different incubation tengteres on tannase
production, the flasks were kept at temperaturaging from 15°C to 65°C for 5 days. The tannasévidgtwas
measured as described earlier.

Effect of different pH: The effect of initial pH on tannase productionswstudied by adjusting the production
medium at various levels of pH by IN HCI and IN Na@olutions ranging from 3.0 to 11.0. The tannasevigy
was measured as described earlier.

Effect of different carbon sources Several carbon sources such as Mannose, Gala@osg=rol, and Ribose at
concentrations ranging from 0.5% to 2% were supplged to the culture medium. The tannase activiag w
determined as described earlier.

Effect of different nitrogen sources Several organic nitrogen sources such as PepYaast extract, Beef extract,
Urea and Casein as well as inorganic nitrogen ssumuch as Ammonium sulfate, Ammonium chloride,
Ammonium nitrate, Ammonium dihydrogen phosphatedi®m nitrate and Potassium nitrate at concentration
ranging from 0.5% to 2% were supplemented to thitue medium. The tannase activity was determingd a
described earlier.

Effect if different metal ions. To evaluate the effect of metal ions on the potidan of tannase, different
concentrations of metal ions (Zn Mo™®, AlI"3, Mn*?, Cu™® Li*) ranging from 1mM to 20mM were used as
additives in the culture medium. The tannase dgtivas determined as described earlier.

Characterization and Purification of tannase:

Enzyme purification

The crude extracellular extract was dialyzed 24&gainst water and concentrated by freeze-drying. [¥bphilized
sample was reconstituted with a minimum amount atiew The soluble proteins were applied to a Seph&3i150
column (2x60cm), previously equilibrated with 10 madetate buffer, pH 5.0. The protein fractions ({mére
eluted at a flow rate of 2ml/min. Active fractiongere pooled, dialyzed against water and conceuttayefreeze-
drying. The concentrated fraction was then load®id @ DEAE-Sephadex column (2x23cm), pre-equildatatith
20 mM phosphate buffer, pH 7.0. The column was wdshith the same buffer to remove unbound protéihe.
bound proteins were eluted by applying a lineadigmat of NaCl (0 to 0.5 M). The protein fractiorO(ml) were
eluted at a flow rate of 1 ml/min. The pooled agtfvactions were dialyzed against water, concegdraly freeze-
drying and stored at -20°C. In both columns, eaattion was assayed for protein (280nm) and tanaetbaty.

SDS-PAGE and molecular weight determination

SDS-PAGE was carried out to determine the puritytttd enzyme and its molecular weight. Acrylamide
concentration was 4% for stacking gel and 8% fqrasation gel [31]. The gel was run at 150V, 30mlhttie
tracking dye bromophenol blue reached the otheroétite gel. Staining of the gel was done by kegjpirovernight

at room temperature in a solution of Coomassie biuethanol:acetic acid:distilled water (5:1:5).eTtye excess
was removed by keeping it in a de-staining solutiontaining 10% acetic acid and 35% ethanol t#l ¢fel became
transparent. The 10 to 120 kDa proteins producepdbiial cleavage of a 120 kDa protein were usemhalecular
markers.
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Molecular weight of native tannase

The molecular weight of native tannase was detegcthioy gel filtration chromatography using Sepha@e200.
The mixture of high non-denaturing molecular weigtdarkers (2mg) was loaded on Sephadex G-200 (Zm)y0
and eluted with 0.05 M acetate buffer plus 0.1 MCNat a flow rate of 1 ml/min. The void volume dbrél was
determined using Blue Dextran 2000. The sampletaating proteins were collected the native moleculaight of
tannase was determined. All these protocols wendwtied under 4°C conditions.

RESULTS AND DISCUSSION
Effect of tannic acid concentration Tannase activity was affected by concentrationindficer in the medium.
Maximum tannase activity was observed at a conaotr of 1% (w/v) tannic acid as inducer (Fig.1l)miar

results were reported previouslging gallic acid and methyl gallate as inducer[4.

Fig.1 Effect of Inducers on Tannase activity

250

200

150

Inducer  Tannase actity (U
Tannic acid (TA) 201.234
Methyl galate (MG) 189.505 0
Galc acid (GA) 189.814 R

Effect of different incubation periods: Optimization of incubation periods (3-14 days)swaarried out in order to
determine the best harvesting time for tannase fymoduction culture. Maximum tannase activity (I68/ml) was

observed on the™day (168 hrs) of incubation (Fig. 2). Differentirbation periods of were reported previously too
[9, 12, 27].

100

Tannase activity (U/ml)

50

Fig. 2 Effect of Incubation period on Tannase actiity

Effect of Incubation period on Tannase activity

Hours  Tannase activity (U/ml)
72 64.814 . /N
120 100.822 // \\
168 162.345
216 158.23
264 98.559 e ao aes aie aee sw
312 63.374 Incubation period (hrs)

Tannase activity (U/ml)
8

Effect of different incubation temperatures Maximum tannase activity (195.0 U/ml) was obsdnet an
incubation temperature of 30°C although the orgartiad a capacity to grow over a wide temperatunged25°C
to 35°C) (Fig. 3). Tannase production By nigercan be evaluated at room temperature in our natidmout
additional efforts or costs. Similar optimum tergiares were reported for tannase from fungal iselateviously

3, 19.
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Fig. 3 Effect of Incubation temperature on Tannasectivity

Effect of Incubation temperature on Tannase activity

Temperature  Tannase activity (U/ml)

15C 22.221 7

25°C 167.077 S //\\

3C 195.061 %wo / \

45C 48,147 £ 7

55°C 15,02 N S
0 0 e et ae e e e

Effect of different pH: Different pH values (3.0, 5.0, 7.0, 9.0 and 1M@re chosen to investigate the effect on
tannase activity in the culture medium. Maximummiase activity (196.9 U/ml) was observed at an agii of 5.0
and gradual decrease in tannase activity was obdemg the pH reached the alkaline range (Fig. His pH
optimum is similar to previously recorded repodstiinnase [4,]8

Fig. 4 Effect if pH on Tannase activity

pH  Tannase actvty (Uml Efec ofp on Tanse actiy
H 3 62,345
D5 196.913
pH 7 104,732
pH Y 30.657
pH 11 2.647 "

Effect of different carbon sources Since tannase is an inducible enzyme, differemban sources (Mannose,
Galactose, Glycerol and Ribose) were supplememtéidel culture medium instead of tannic acid inghme ratio.
All the carbon sources showed a negative effedannase production. Tannic acid (1% w/v) was thetrsaitable
carbon source for tannase induction by the furggdhte (Fig. 5). These results are in agreemett thidse reported
for tannase production from different microorgargsaarlier [2, 25].

200

w SN

Tannase activity (U/ml)

Effect of different nitrogen sources Sodium nitrate (1% wi/v) present in the culturedinen was replaced by
equivalent amounts of different nitrogen sourcesp{Bne, Yeast extract, Beef extract, Urea, Caggimnonium
sulfate, Ammonium chloride, Ammonium nitrate, Amnman dihydrogen phosphate, Sodium nitrate and Piotass
nitrate). Tannase activity increased slightly w&bdium nitrate but later on decrease gradually.(B)g Similar
results were obtained previously also [9, 13, 25
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Fig. 5 Effect of Carbon sources on Tannase activity

Carbon source (1%) Tannase actity (Ulml)
Tannic acid 189.814 o
Ribose 129.629 o
Mannose 387 o)
Galactose 12.036
Glycerol

Effect of Carbon sources on Tannase activity

80 -
60 -
40
20 4
0 " ' '

1
Tannic acid Ribose Mannose Galactose Glycerol
83.95 1% Carbon source

Fig. 6 Effect of Nitrogen sources on Tannase actlyi

Tannase activity {(U/ml)

Effect of Nitrogen sources on Tannase activity
Nitrogen source (1%) Tannse activity (U/i -

NaNCs 137.036

NH4CI 115.74
NH4NO3 121.913 E

Peptone 49.69 z w0
Yeast extract 17.283 “ o0
Beef extract 29.32 § w0

Urea 5.836 !

Casein 21.913 0 o, .
(NH4)2S0s 19.752 FEFLFT ST
(NH4)2POs 19.135 & N

KNO3 15.74 e Nitrogen source

Effect of different metal ions The metal ions (Z, Mo™, AI*3, Mn*?, Cu”, Li®") concentrations were used to
replace KCl in the culture medium in concentraticasging from 1mM to 20 Mm, with 20mM showing maxim

tannase production. All the metal ions were inloilyiton tannase activity (Fig. 7). These resultsiaragreement
with those reported earlier [13].

Enzyme purification and physico-chemical propertiesof purified tannase:

All the experiments were carried out under stexdizi°C conditions. The protocol to purify extragkl tannase
was conducted using the culture broth supernatbttined at 48hrs of cultivation with 1% tannicdaas substrate.
The extracellular tannase was purified by usingafiion chromatography in a Sephadex G-150 coluthoweng the
separation of the enzyme from minor proteins amdydli pigments. The fractions with high activity wesooled,
dialyzed and concentrated by lyophilization (Fiy.& the end of the process, tannase was purifiéd fold with a
specific activity of 101.428 U/mg protein and algiief 18.35% (Table 8).
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Fig. 7 Effect of Metal ions on Tannase activity

100

Metal ions (10mM) Tannase actiity (U/ml)

/nSCt
MoQs3
Al203
MnSQO4
CuSG

54.629
46.913
94.443
46.604
49.073

90

80

70

60

50 -

40 A

30 A

Tannase activity (U/ml)

20

10

0 T T T

!
LiCI3

. Zns04 Mo03 Al203 MnSO4 Cuso4
LIC|3 50 925 Metal ions (10mM)
Table 8 Purification results of tannase during thisstudy.
Purification step | Total protein (mg) | Total activity (U) | Specific activity (U/mg) | Purification (fold) | Yield (%)
Sephadex G-150 4.12 58.3 14.150 3.84 50.58
DEAE Sephadex 0.98 99.4 101.428 7.17 18.35

Tannase appeared homogeneous in PAGE under notidegaconditions and was characterized in thiggtu
SDS-PAGE revealed the presence of one band widpparent molecular mass of 66 kDa (Fig. 9).

Fig. 8 Graphs depicting the results of two methodssed for tannase purification.

Tannase purificatlon: Crude flltrate was applied on Sephadex G-150
Purification of tannase: Dialysed and concentrated on DEAE-Sephadex

120 n
60
100 /"\
50
80
40 e~
\ == |annase —B-Tannase activity
60 aclivily (U/mi)
30 —y
\ (u/m) \
¥
40 0D Value 20 . 0D at 280nm
\!l (780nm) 7
20 -—/ \ﬁ 107
' T T T T T T T T T 1
1

0
0t
12 2 4 5 6 7 8 9 10

Fraction (1-100) Fractions (1-100)
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Fig. 9 SDS-PAGE of purified tannase. (A: Moleculamweight marker, B: Purified tannase)

A B

According to Hatamoto et al. (1996) the tannasenffo oryzaehas two subunits of 30 and 33 kDa, and the native
tannase is a hetero-octamer with a molecular mia380okDa.

CONCLUSION

The present work has been taken up with a viewsiofgA. nigeras a microbial source for the production of tannase
which can hydrolyze tannic acid to gallic acid. &irfungal activity is the key aspect in this atbare is enormous
opportunity for the cost effective production ofitase which is a very versatile enzyme. Tannasis fapplication

in the food, beverage, industrial and pharmacduticistry. In view of the results obtained, ittisncluded that the
isolate was induced by 1% tannic acid as a substi@nnase was purified 7.17 fold with a specifidvity of
101.428 U/ml and a vyield of 18.35%. In future, we @nterested to scale up the production of tanfigsasing
various recombinant engineering techniques sotti@industrial demand for tannase is taken carenoé large
scale.
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