
ABSTRACT
Tannases or Tannin acyl hydrolases (EC 3.1.1.20) belonging to the superfamily of hydrolase finding their applications in food, 
brewing, chemical, and pharmaceutical industries etc., A number of fungal tannase were very well characterised. However, little is 
known about the extra cellular bacterial tannases and their properties. The present investigation was undertaken with an objective 
of tannic acid degradation from bacterial tannase. The bacterium was cultivated in MSM medium containing 0.3% tannic acid as 
sole carbon source and produced extracellular tannases from early lag phase (4 h) and increased exponentially till 10 h (Klebsiella 
pneumoniae BH49). The strain was confirmed by different biochemical tests and16S rDNA phylogenetic analysis. The crude enzyme 
showed maximum activity at pH 6.0 at 30 ºC and the activity was retained 99.33% at 40 ºC. The Km of the crude enzyme showed 
0.0518 mM and 0.0389 mM for methyl gallate and propyl gallate as substrate respectively. The specific activity of the crude enzyme 
was found to be 0.943U/mg for methyl gallate. In addition, the activity was significantly increased in presence of K+, Mg2+, and Ca2+ 
similarly, the activity was inhibited by Fe2+ Mn2+ and Cu2+. The enzyme was purified by ammonium sulphate fractionation followed 
by DEAE-Cellulose (Ion exchange chromatography). In gel staining confirmed major tannase enzyme and the SDS-PAGE analysis of 
the purified enzyme showed, the molecular weight of 55 kDa.  Our investigations would give potential source for efficient production 
of extracellular tannase and can used for tannery effluent degradation, pharmaceutical and industrial applications.
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INTRODUCTION

Tannins are generally considered recalcitrant to 
biodegradation and major effluents of tanning industries 
and they pose potential threats to human health as well as 
the environment (Bari et al. 2015; Adamczyk et al. 2017). 
However, despite their toxic effects, some microorganisms 
have evolved to use gallotannins as carbon sources for 
growth by the action tannin acyl hydrolases, commonly 
known as tannases (Tannin acyl hydrolase E. C. 3.1.1.20). 
Tannase, that hydrolysis of ester and depside bonds in varied 
substrates like gallotannins, gallic acid esters (Govindarajan 
et al. 2016a, Govindarajan et al. 2016b; Tripathi et al. 2018; 
Xu et al. 2019). Microorganisms are the main source of 
industrial enzymes due to their biochemical diversity and 
their amenability to genetic modifications. A significant 
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number of tannase-producing microorganisms especially 
fungi and bacteria were identified (Thiyonila et al. 2020).

Fungal tannases have been well documented for their potential 
bioconversion and specifically for the biotransformation of 
tannic acid to gallic acid.  To date, commercially available 
tannases are mainly produced by fungal species (Tripathi et al. 
2016; Dhiman et al. 2018). However, the usage in industrial 
purpose is limited due to its lower catalytic efficiency in 
front of bacterial tannase. Previous studies demonstrated that 
tannases from yeast have been only verified in Sporidiobolus 
ruineniae, Candida sp., Aureobasidium, Blastobotrys 
adeninivorans, and Kluyveromyces marxianus (Beniwal et 
al. 2010; Dhiman et al. 2018). Bacterial strains that belong to 
genera such as Staphylococcus, Lonepinella, Lactobacillus, 
Pseudomonas, Serratia, Bacillus, Azobacter, Klebsiella, 
Citrobacter, Pantonea, and Enterobacter were predominant 
(Tripathi et al. 2016; Thiyonila et al. 2020). 

Meanwhile, the degradation of natural tannins by bacterial 
tannase were found to be very effective due to its industrial 
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applications and its rapid catalytic degradation potential 
(Wang et al. 2019). It is crucial to isolate and identify the 
potential source for tannase-producing bacteria.  In the 
present study, we have purified and biochemical properties 
were investigated for extracellular tannase from Klebsiella 
pneumoniae BH49 potential source for pharmaceutical and 
industrial applications. 

MATERIAL AND METHODS

Tannic acid, Gallic acid, Methyl gallate, Propyl gallate, and 
Rhodanine were obtained from Sigma Chemical Co., St 
Louis, MO, USA. The culture media components used (Hi-
Media, Mumbai), other chemicals used were of analytical 
grade. For the isolation of the microorganism, soil samples 
were collected from near Slaughter house habitat (Tannery 
Rd, Richards Town, Bengaluru, Karnataka, India). About 1 
gram of tannic acid was enriched to soil was serially diluted 
by suspending in 10 ml of sterile distilled water and the 
suspension was swirled about for a period of one to two 
hours. The serially diluted tubes (dilutions of 10-1, 10-2, 
10-3, and 10-4) were plated on a LB Agar containing tannic 
acid. In total, four plates were made each plate containing a 
different concentration of tannic acid namely, 0.1%, 0.2%, 
0.3% and 0.4% respectively.

For the identification of the microbial strain, morphological 
characteristics of the bacteria were determined by 
performing by microscopic observations, and the isolated 
pure strain was subjected to various biochemical tests 
according to Bergey’s manual of determinative bacteriology 
(Baird-Parker 1974). Further, the pure strain was confirmed 
by 16S rDNA and phylogenetic analysis (Sambrook and 
Russell 2001). For the analysis of substrates and products 
by thin layer chromatography and to determine the fate 
of the accumulated metabolites, the cells were pelleted 
by the configuration at 10,000 rpm for 10 min at 4 °C. 
The supernatant containing gallic acid was extracted with 
ethyl ether (1:5 v/v), further the extracts were dried and 
resuspended in methanol. Thin layer chromatography was 
carried out by spotting the methanol extract with authentic 
substrate (tannic acid) and metabolite (gallic acid). The 
plates were developed using pentane saturated acetonitrile 
and toluene (2:1 v/v) containing 1.25% formic acid. The 
metabolites were visualized by exposing the plates to iodine 
vapors (Ferry et al. 1991).

For the production of extracellular Tannase by Klebsiella 
pneumoniae BH49 was analyzed in MSM supplemented 
with 0.3% tannic acid (filter sterilized). Extracellular 
tannase (Spent medium) was pooled in batch cultures in 
100 ml Erlenmeyer flasks in three independent replicates. 
The crude enzyme at different time points were chilled 
and centrifuged at 10,000 rpm for 10 min at 4°C for 
further analysis. For enzyme assay, after implicating a few 
modifications, the activity of tannase was assayed by using 
methyl gallate as substrate. The activity was measured in 
terms of micromoles of gallic acid formation (Sharma et al. 
2000). For the biochemical characteristics of extracellular 
Tannase, temperature optima, the crude tannase activity was 
carried out by incubating enzyme and substrate at various 
temperatures ranging from 4°C to 100°C, the percentage 

activity and optimum temperature were determined 
spectroscopically. 

For temperature stability, enzyme stability was determined 
by incubating the enzyme along with the buffer for 20 min at 
different temperatures ranging from 4°C to 100°C. Further, 
the substrate was added and incubated at room temperature 
for an enzyme reaction. For pH optima, the effect of pH on 
the enzyme activity was studied by conducting the reaction 
at various pH ranging from 3-10 and assayed for tannase 
to determine the pH optimum. For pH stability, enzyme 
stability was studied by pre-incubating the enzyme along 
with the buffer pH ranging from 3-10 for 20 min. Further, 
the substrate was added to the above solutions and incubated 
for 20 min. To determine the effect of metal ions on 
tannase activity, different metal like Fe2+, Zn2+, Ca2+, Mn2+, 
Mg2+, Co2+, K+ and Cu2+ were dissolved in citrate buffer  
(50 mM pH 6.0). The enzyme was preincubated in a buffer 
containing different metal ions for 15 min, and the reaction 
was initiated by adding substrate. 

For the determination of Km and Vmax, different 
concentrations of methyl and propyl gallate were used 
for enzyme activity to determine Km and Vmax of the 
tannase was determined by Lineweaver-Burk plot. For the 
purification of extracellular Tannase, initially, the spent 
medium was subjected to ammonium sulfate fractionation 
(80%), followed by centrifugation for 12000 rpm for 15 
min at 4 °C. The precipitated enzyme was resuspended 
and dialyzed in 10 mM citrate buffer pH 6.0 at 4 °C.  The 
enzyme was further purified by DEAE-Cellulose column 
was equilibrated with 10 mM citrate buffer pH 6.0. The 
bound enzyme fractions were eluted (step-wise) by 200, 
300, 500, and 700 mM NaCl in citrate buffer pH 6.0. 
Further, the enzyme fractions were pooled, dialyzed, and 
assayed for tannase.

Protein content was estimated by the Lowry method using 
bovine serum albumin as standard (Lowry et al. 1951). 
For In-gel staining of tannase activity, the electrophoresed 
gel (Native-PAGE) was incubated in methyl gallate (10 
mM in 10 mM citrate buffer pH 6.0) for 30 min. The gel 
was washed with the same buffer and incubated in 0.667% 
methanolic rhodanine for 30 minutes at RT, further, 0.5 N 
KOH was added for color development. For the molecular 
weight determination, the purified tannase was analyzed by 
SDS-PAGE (Laemmli 1970) and protein bands were stained 
by Coomassie Brilliant Blue R-250. The molecular weight 
of the enzyme protein was determined.

RESULTS AND DISCUSSION

Selection of bacterial strains: Eight strains of bacterial 
origin isolated from tannic acid-induced soil samples were 
evaluated for tannase. A total of 4 strains showed a colour 
change (dark colour) on LB agar plate with tannic acid 
after 48 h (Figure 1), were found to be positive tannase 
production and total activity was measured (Supplementary 
Figure 1). Based on the above observations Isolate C1 was 
selected for further studies. Similar studies were made for 
different bacterial strains (Sharma et al. 2000; Osawa et al. 
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2006, Murugan et al. 2007; Sivashanugam and Jayaraman 
2011; Chartchai et al. 2020; Govindarajan et al. 2021).

Characteristics of the Isolate C1 (potential) strain: 
Microscopic studies of Isolate C1 were found to be gram-
negative cocci, non-motile and capsulated (Supplementary 
Figure 2 and Supplementary Table 1). Fermentation 
results revealed that dextrose, lactose, and sucrose were 
sole sources of carbon. The biochemical studies showed 
positive results for methyl red, Voges Proskauer, citrate, and 
production of catalase/oxidase (Table 1 and Supplementary 
Figure 3). It has been observed that the optimal growth in 
MSM media with 0.3% tannic acid (pH 7.0) at 37°C. Based 
on the above observations and 16S rRNA studies revealed 
that the strain was found to be Klebsiella pneumoniae 
BH49 (Figure 2). Similar observations were also made for 
Klebsiella pneumoniae MTCC 7162 and Bacillus subtilis 
KMS2-2 (Sivashanmugam and Jayaraman 2011; Chartchai 
et al. 2020; Govindarajan et al. 2021).

Figure 1: Utilization of the Tannic Acid on LB Agar: Colour 
change (Dark) in LB agar plates containing 0.3% tannic 
acid.

Supplementary Figure 1: Analysis of total tannase activity 
from different isolates

Supplementary Figure 2: Gram staining of Isolate 
C1- K. pneumoniae BH49

Colony	 Morphological 
	 Observations 

Size	 0.5 cm
Margin	 Entire
Shape/form	 Circular
Elevation	 Unborate
Surface texture	 Smooth
Consistency	 Butter-ferous
Opacity	 Trans-lucent
Chromo- genesis	 Creamy white, off white

In Supplementary Table 1.Colony Characteristics (Morphological 
Tests) of K. pneumoniae BH49 (Isolate C-1).

Biochemical test  	 Result

Lactose Fermentation	 Positive
Dextrose Fermentation	 Positive
Sucrose Fermentation	 Positive 
H2S Production	 Negative
Citrate Utilization	 Positive
Indole Test	 Negative
MR Test (Methyl Red)	 Positive
VP Test (Voges Proskauer)	 Positive
Urease Activity	 Negative
Catalase Activity	 Positive
Oxidase Activity	 Positive
Gelain Liquification	 Negative
Starch Hydrolysis	 Negative

Table 1: Results of various biochemical tests carried out 
for tannic acid degrading bacteria K. pneumoniae BH49 
B(Isolate C-1)

Supplementary Figure 3: Various Biochemical Tests of 
Tannic Acid Degrading Bacteria K. pneumoniae B (Isolate 
C-1).

Production Tannase from K. pneumoniae BH49: It was 
observed that the bacteria can able to grow in tannic acid 
(0.3%) as a sole source of carbon. The results indicated that 
there was a significant increase in production of tannase at 
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early lag phase (4 h) and the maximum degradation of tannic 
acid was observed in the exponential phase. The production 
rate was continuing till 10 h and was steadily decreased and 
the total enzyme activity was found to be the 2.14 U/mL of 
the crude extract (Figure 3). Similar observations were made 
by group of bacterial strains of taxa Lactobacillus (0.3 U/
ml), Bacillus sp. (1.03 U/ml), K. pneumoniae (0.75 U /ml), 
Enterobacter cloacae strain 41, Pseudomonas aeruginosa 
IIIB 8914 (13.65 and 12.90 U/ml) using amla and keekar 
leaves (2% w/v) respectively under SmF,  K. pneumoniae 
MTCC 7162 (3.45 U/ml) and B. tequilensis K34.2 (0.60 
U/mL) (Deschamps et al. 1983; Hadi et al. 1994; Kar et al. 
2003; Selwal et al. 2010; Sivashanmugam and Jayaraman 
2011; Govindarajan et al. 2019; Chartchai et al. 2020).

Lee et al. 2008; Goel et al. 2011; Nadaf and Ghosh 2011; 
Govindarajan et al. 2019).

Figure 2: Neighbor-joining tree showing the position of 
isolate Klebsiella pneumoniae BH49.

Figure 3: Analysis of Tannase activity 
at different time points.

Analysis of metabolites by Thin Layer Chromatography: 
The chromatogram revealed that the production of gallic 
acid, indicating that the hydrolysis was progressed with 
significant production of tannase. The Rf values gallic 
acid and pyrogallol were comparable with the Rf values of 
purified samples (Figure 4). Similar observations were made 
for the degradation of tannic acid in ruminal bacterium, 
Lactobacilli, Rhodococcus NCIM 2891, Enterococcus 
faecalis and Enterobacter cloacae (Nelson et al. 1995; 

Figure 4: TLC profile of degradation of tannic acid: 
Lane 1-Standard tannic acid, Lane 2-Standard gallic 
acid, Lane 3-gallic acid and glucose.

Figure 5: Effect of temperature on tannase activity, results 
were obtained mean values of ± SD (n = 3).

Figure 6: Effect of temperature stability of tannase activity, 
results were obtained mean values of ± SD (n = 3).
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Figure 7: Effect of pH on tannase activity, results were 
obtained mean values of ± SD (n = 3).

Properties of Extracellular Crude Tannase
Determination of optimum temperature: The results 
revealed that the tannase was active in the temperature range 
of 4°C-100°C with an optimal activity (2.14 U/mL) at 40 
°C (Figure 5), which was similar for K. pneumoniae MTCC 
7162 at 40 °C, A. niger ATCC 16620, Bacillus licheniformis 
KBR 6 and for Bacillus subtilis KMS2-2 at 50 °C (Mondal 
and Pati 2000; Sabu et al. 2005; Sivashanmugam and 
Jayaraman 2011; Govindarajan et al. 2021).

Thermal stability of tannase: From the graph, it was 
revealed that the enzyme retained its activity above 99.5% 
at 40 °C (Figure 6). A similar result was observed for 
tannase produced from K. pneumoniae MTCC 7162 and 
Bacillus subtilis KMS2-2, which was thermally stable and 
retained its activity more than 50% at 60 °C and 80% at 50 
°C (Sivashanmugam and Jayaraman 2011; Govindarajan et 
al. 2021). The obtained result suggests that the extracellular 
tannase from K. pneumoniae BH 49 persists its activity for 
a broad temperature range.

pH optima for tannase activity: The optimum pH for crude 
extract was found to be pH 6.0. It was observed that the 
enzyme showed a pH range of 3-10 with an optimal activity 
at pH 6.0 (1.96 U/mL) (Figure 7). Further, tannase activity 
was gradually decreased as pH reached the alkaline range. 
Optimum pH of 5.0-7.0 was reported for tannase from 
Paecilomyces variotii, pH 5.0 for P. chrysogenum, pH of 
5.5 for K. pneumoniae MTCC 7162 and pH 6.0 for Bacillus 
subtilis KMS2-2 (Mahendran et al. 2006; Hamdy 2008; 
Sivashanmugam and Jayaraman 2011; Govindarajan et al. 
2021). Some extracellular tannase from bacterial sources 
has been previously reported that the maximum activity at 
pH levels close to neutral (Mondal et al. 2001b; Batra and 
Saxena 2005; Sabu et al. 2006; Enemuor and Odibo 2009; 
Mahapatra et al. 2009; Chhokar et al. 2010).

pH Stability of Tannase: The pH stability results of 
extracellular tannase revealed that the enzyme was stable 
from a pH range of 4-7 (Figure 8). Tannases from yeast 
and A. oryzae was stable in a wide range of pH (3.5-8.0), 
whereas tannases from P. chrysogenum and A. oryzae 
were stable in the narrow ranges of 4.5-6.0 and 5.0-5.5, 
respectively (Abdel‐Naby et al. 1999; Pan et al. 2020). 
Stability of above 99.33% was retained by the crude enzyme 
at pH 6.0. Even at pH 4.0 and 8.0, the enzyme exhibited 
more than 70% of activity (Figure 8). Stability of above 

81.3% and 80% was retained in tannase produced from 
K. pneumoniae MTCC 7162 at pH 6.0 and tannase from 
Acid Stable Yeast (Sivashanmugam and Jayaraman 2011; 
Kanpiengjai et al. 2021).

Figure 8: Effect of pH stability of tannase activity, results 
were obtained mean values of ± SD (n = 3).

Figure 9: Effect of metals on Tannase activity, results were 
obtained mean values of ± SD (n=3).

Effect of heavy metals: The tannase showed complete 
inhibition by Fe2+, Mn2+ and Cu2+, 95% by Zn2+ and 70% 
by Co2+ in 10 mM concentration. The obtained results and 
LB plots emphasis that the metal ions act as competitive 
inhibitors. However, the activity was almost doubled in 
presence of 10 mM K+, by 64% in presence of Mg2+ and 
up to 50% in presence of Ca2 (Figure 9).  Previously it has 
been investigated that tannase from Aspergillus oryzae 
and P. chrysogenum was showed maximum inhibition in 
the presence of Fe2+, Zn2+, and Cu2+ (Ibuchi et al. 1968; 
Rajakumar and Nandy 1983). However, Tannase from A. 
niger was significantly inhibited by Cu2+ and to a lesser 
extent by Fe2+, Zn2+ (20 mM) (Barthomeuf et al. 1994). 
Tannase from Bacillus subtilis KMS2-2 was inhibited by 
Cu2+ (40%), Fe2+ (56%), Fe2+ (31%), Ba2+ (39%), Hg2+ (48%) 
and K+ (32%), whereas, Zn2+ (08%), Ag2+ (23%) and Na+ 

(6%) showed moderate inhibitions. Among the metal ions 
studied, the Na+ significantly increased activity by 10% at 
1 mM concentration; however, the activity was generally 
inhibited in the presence of large concentrations of ions, 
except Ca2+ ions. In the presence of Mg2+, the activity of 
tannase was enhanced (Kar et al. 2003; Chaitnyakumar and 
Anbalagan 2016; Govindarajan et al. 2021).

Kinetic Parameters: Based on the the LB-Plot we obtained 
higher Km value for methyl gallate (0.0518 mM) and 
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lower Km value for propyl gallate (0.0389 mM). However, 
the values of Km suggest Klebsiella pneumonia BH49 
tannase showed more specific towards propyl gallate. 
The Km value is very low as compared to tannases from 
Selenomonas ruminantium and Cryphonectria parasatica 
using methyl gallate (1.6 mM and 7.49 mM respectively) 
(Farias et al. 1994). The Km values for tannase produced 

by Rhodococcus NCIM 2891, Cryphonectria parasitica and 
Enterobacter cloacae (0.34 mM, 0.94 mM and 3.0 mM). 
Similarly, tannases from many fungi showed Km values 
of 0.20 to 1.03 mM for tannic acid (Farias et al. 1994; 
Ramirez-Coronel et al. 2003; Sabu et al. 2005; Mukerjee 
and Banerjee 2006; Nadaf and Ghosh 2011; Govindarajan 
et al. 2019).

Purification steps	 Total	 Total	 Total 	 Specific 	 Yield  	 Purification
	 volume	 activity	 Protein	 activity 	 (%)	 fold
	 (mL)	 (U)	 (mg)	 (U/mg)

Crude enzyme	 20	 41.8	 112	 0.373	 100	 1
Ammonium sulfate precipitation (0-80%)	 10	 27.5	 85	 0.323	 65.78	 0.865
DEAE – Cellulose	 10	 9.84	 10.45	 0.941	 23.54	 2.522

Table 2. Purification table of tannase isolated from K. pneumoniae BH49

Figure 10: The elution profile of DEAE-Cellulose Ion 
exchange chromatography of Tannase: Protein fractions 
(-) and Enzyme fractions (---).

Figure 11: a, Native-PAGE pattern of Tannase activity; 
A-Crude enzyme, B-Purified tannase. b, SDS-PAGE profile 
of purified tannase; Lane1-Molecular weight marker, 
Lane-2 to 7 purified tannase.

Supplementary Figure-4: SDS-PAGE profile of purified 
tannase; Lane1-Molecular weight marker, Lane-2 to 7 
purified tannase.

Purification of extracellular tannase: Tannase has been 
purified from Klebsiella pneumoniae BH49 to homogeneity 
by using the different steps (Table 2). The elution profile 
of extracellular tannase by DEAE-Cellulose showed the 
best yield of the enzyme (23%) (Figure 10). The specific 
activity of purified tannase was found to 0.943 U/mg for 
methyl gallate. Our results were compared to the purified 
tannase from Klebsiella pneumoniae MTCC 7162 and 
Bacillus subtilis KMS2-2 (Sivashanmugam and Jayaraman 
2011; Govindarajan et al. 2021). The yield of 7% was 

lower than the value reported for tannases from Penicillium 
chrysogenum and Cryphonectria parasitica (Farias et al. 
1994; Rajakumar and Nandy 1983). The fold purification, 
on the other hand was identical to that of purified tannase 
from a variety of fungi and bacteria (Rajakumar and Nandy 
1983; Sharma et al. 1999; Govindarajan et al. 2019).

In-gel staining of tannase activity: Tannase activity of 
both crude and purified enzyme (In-gel) was visualized by 
formation of chromogen by methanolic rhodanine in KOH, 
the chromogenic bands that were obtained (Figure 11a).
 
Molecular weight determination of Extracellular 
purified Tannase: The SDS-PAGE profile of purified 
tannase showed one major band with the molecular mass 
of about 55 kDa (Figure 11b and Supplementary Figure 
4).  It was shown that most of the purified fungal tannases 
range from168 to 310 kDa and multimeric (Aguilar 2001; 
Ramirez 2003). Similarly, it has been reported the isoforms 
of tannase from Paecilomyces variotii of 87.3 kDa and 71.5 
kDa (Battstin and Macedo 2007). Tannase from Verticillium 
sp. P9 had two subunits with molecular masses of 39.9 and 
45.6 kDa (Kasieczka 2007). In addition, the molecular mass 
of tannase from K. pneumoniae MTCC 7162 and Bacillus 
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subtilis KMS2-2 by SDS-PAGE revealed that 46.5 kDa and 
43 kDa respectively (Sivashnmugam and Jayaraman 2011; 
Govindarajan et al. 2021).

CONCLUSION

The findings of the present study explored the production 
of tannase from Klebsiella pneumonia BH49 has shown 
a higher affinity for tannic acid compared to other 
bacterial tannases. The bacteria produced a high amount 
of extracellular tannase in the exponential phase to be 
a conventional strain compared to fungal strains. The 
biochemical properties like temperature stability, pH 
stability and other kinetic parameters further insights to 
potential source for efficient production of extracellular 
tannase and can be used for tannery effluent degradation, 
pharmaceutical and industrial applications. In addition, 
the production of gallic acid (antioxidant) was another 
significant end product and could the novel discovery used 
to remove tannins from food fodder and thus improve the 
health of the animals.
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