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Introduction
Tannin acyl hydrolase (E.C 3.1.1.20), which is commonly referred 

as tannase, is an enzyme that hydrolyzes the ester (depside) bond of 
the 3, 4, 5-trihydroxybenzoic acid (gallic acid) found in gallotannins, 
complex tannins and catechins. Tannase are extensively used in the 
preparation of instant tea, wine, beer, food, pharmaceutical industries 
and tanneries effluent degradation. Gallic acid, the major hydrolytic 
product of tannic acid, is used in food, cosmetics and adhesives in the 
synthesis of potent antioxidant, propyl gallate [1]. It has long been 
known that several fungi species such as Aspergillus sp. and Penicillin sp 
are capable of producing a larger amount of this enzyme for industrial 
use, the enzyme is invariably of fungal origin [2]. The fungi exhibit 
better activity for the degradation of hydrolysable tannins. However, a 
major problem in usage of fungal strain at industrial level is its relatively 
slow growth rate and genetic complexity. However, bacterial genera 
such as Bacillus, Streptococcus gallolyticus, Klebsiella, Lactobacillus and 
Pantonea have also the ability to degrade and hydrolyze natural tannins 
and tannic acid very efficiently [3,4]. On the other hand, the growth rate 
of bacteria is very high and they can be easily manipulated at the genetic 
level. The bacteria are also capable of living under extreme thermophilic 
conditions; therefore they may prove a potential source of thermo stable 
tannase enzyme [5,6]. The genomes of insects lack many of the catabolic 
enzymes necessary to digest food fully in order to extract energy source. 
Thus, insect gut microbes play a pivotal role in the digestion of fiber, 
cellulose, starch, lignin, tannin etc, to provide energy for the host [7,8]. 
Traditionally, digestion is described as the process by which food in the 
gastrointestinal (GI) tract is split into simpler absorbable compounds 
performed primarily by the digestive enzymes. However, what happens 
in the alimentary tract is only one part of a continuous process that 
also includes factors outside of the GI tract. In the present investigation, 
newly identified the insect, Gryllotalpa krishnani, were screened 
for tannase enzyme producing gut microbes and an able identified 

strain was Entreobacter cloacae, keeping these in view, we report the 
production and characterization tannase enzyme cell free extract of 
tannase from a newly isolated aerobic bacterial strain of Enterobacter 
cloacae.

Materials and Methods 
The newly identified insect G. krishnani was collected in wet soil 

with near to a kitchen waste, Salem district, Tamil Nadu, India (latitude: 
11.6500°N, longitude: 78.1600°E; elevation: 154 ft (46.7 m). The soil was 
buried up to 10-15 cm depth by a digger and a colony of this species 
was found beneath the soil. The insect was collected dissection in our 
laboratory conditions. 

Chemicals 

Trypton Soya Agar compositions Ingredients Gms/Litre Pancreatic 
digest of casein 15 g/l; Papaic digest of soyabean meal 5 g/l; Sodium 
chloride 5 g/l; Agar 15 g/l; Final pH (at 25°C) 7.3 ± 0.2. Minimal medium 
containing K2HPO4: 0.5 g/l, KH2PO4: 0.5 g/l, MgSO4: 2.0 g/l, CaCl2: 1.0 
g/l and NH4Cl: 3.0 g/l supplemented with 1% tannic acid (pH 5.5). All 
the chemicals used in this study were of analytical grade and procured 
from Himedia, India and Merck, India.
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Abstract
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study. The bacterial strain TAH41 was analyzed for biochemical analysis, 16S rDNA sequencing and the result 
confirmed the strain as Enterobacter cloacae. HPLC analysis showed the formation two peaks representing gallic 
acid and glucose as a by-product FT-IR analysis also confirmed the same. The polyacrylamide gel electrophoresis 
(SDS-PAGE) and zymogram analysis showed the molecular mass of tannase enzyme in cell free extract was ~45 
kDa, the analysis suggested this tannase enzyme to be one of the smallest of the bacterial source, which could be 
attributed to the formation of di or tri-galloyl glucose. The present study was the first report E. cloacae with tannase 
activity from G. krishnani gut. E. cloacae which may endow the insect with some ecological advantages by enabling 
them to overcome the anti-nutritional effects of plant tannins.
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Strains and growth conditions

These strains were originally isolated from insect gut and cultures 
were grown on medium for tryptone soya agar. All bacteria were 
incubated at 37°C in 24 h.

Isolation of insect gut 

The gut was isolated from of the Orthoptera insect, G. krishnani 
(i.e., during the active feeding stage). Prior to dissection, sterilized by 
wiping with 70% ethanol on the cuticle for 5 seconds [9,10]. Dissection 
scissors were used to cut laterally behind the head capsule and the gut 
was removed and washed in 1X PBS to remove the leaf litter. Then, 
it was transferred into a 1.5 mL micro centrifuge tube for further 
processing.

Culturing of the gut microbiota and tannase plate assay

The dissected gut was suspended in 10 mM sterile phosphate-
buffered saline (PBS) [11]. The guts were sonicated (50/60 Hz,117 V,1.0 
Amps; Branson Ultrasonics, Danbury, CT) for 30 Sec, macerated with 
a plastic pestle, and vortexes at medium speed for 10 sec to separate 
bacterial cells from the gut suspension were cultured immediately 
on nutrient agar plates and plates were incubated for 48 hrs at 37°C. 
Screening of the potent tannase producing bacterial isolates were 
screened for tannase activity by hydrolysis tannic acid different 
concentration of test (0.25%, 0.5%, 0.75% and 1%). After incubation 
plate was flooded with thereafter, the isolation of tannase-producing 
bacteria was carried out on nutrient agar plates supplemented with 
tannic acid, tannin–protein complex; cleavage of this complex by 
bacteria producing tannase reddish brown color forms a zone of 
around the colonies.

Biochemical characterization test

Identification of tannase producing bacteria morphological and 
biochemical characterization: The isolated colonies were observed 
under microscope to obtain the colony morphology i.e., colour, shape, 
size, nature of colony and pigmentation [12]. The bacterial isolate were 
gram stained and observed under a high power magnifying lens in light 
microscope. The bacterial isolates were biochemically characterized 
by Indole, Methyl red, Vogesproskauer, Citrate utilization, Catalase, 
Urease, Oxidase test and Triple sugar iron agar.

Extraction of genomic DNA: The bacterial pellet was collected 
from the overnight culture by centrifugation at 10,000 rpm for 3 min. 
The pellet was resuspended in 300 µl of GBL buffer by pipetting and 
vortexing. Immediately, 200 µl of chloroform and 150 µl of 6 M NaCl 
were added and the tubes were inverted ten times. The mixture was 
centrifuged at 10,000 rpm for 5 min. The supernatant was transferred 
to a fresh 1.5 ml Eppendorf tube. An equal volume of absolute 
ethanol was added carefully down the wall of the tube. The mixture 
was centrifuged again at 10,000 rpm for 5 min and the supernatant 
discarded. Subsequently, the precipitated DNA was pipette out to a new 
Eppendorf tube and washed twice with 70% ethanol by centrifugation 
at 5000 rpm for 5 minutes. The pellet was air dried at room temperature 
for 10 minutes. Finally the pellet was dissolved in 50-100 µl of TE buffer 
(pH 8.0).

Yield, purity and integrity of DNA: The isolated DNA was 
subjected to spectrophotometric analysis (Ultrospec 2100, Amersham 
Bioscience, Hong Kong) to determine the quality and quantity. The 
DNA purity was determined from the ratios 260/280 nm (indicator of 
protein contamination) and 260/230 nm (indicator of organic solvent 
residues). The size and intactness of the isolated DNA was checked 

by agarose gel electrophoresis. The isolated DNA was loaded on 1% 
agarose gel stained with ethidium bromide (1 µg/µl) and run for 30 
min at 60 V, for image acquisition, a LAB India gel documentation 
system (Infinity, UK) was used. The isolated genomic DNA size was 
determined by using a 1 kb DNA ladder (Biotool, Spain).

PCR amplification of 16S rDNA gene: The selected bacterium 
was identified on the basis of its 16S rDNA sequence. DNA from 
the bacterial cells was isolated using QIAamp DNA Purification 
Kit (Qiagen, Japan) and electrophoresed in agarose gel. Fragment 
of 16S rDNA gene was amplified by PCR upto 30 cycles (using 
the following profile: initial denaturation, 95°C for 2 min; final 
denaturation, 94°C for 30s; annealing, 52°C for 30s; extension,72°C 
for 90s; final extension,72°C for 10 min). Amplified PCR product was 
purified using Qiagen Mini elute gel extraction kit (Qiagen, Japan). 
Forward and reverse DNA sequencing reaction of PCR amplicon was 
carried out with 27F AGAGTTTGATCMTGGCTCAG and 1492 R 
TACGGYTACCTTGTTACGACTT primers using BDTv3.1 Cycle 
sequencing kit on (ABI3730xl) Genetic Analyzer [13]. A single discrete 
PCR amplicon band of 1500 bp was observed when resolved on 1.2% 
agarose gel. 

Phylogenetic analysis: The reference sequences required for 
comparison were obtained from the NCBI database (http://www.ncbi.
nlm.nih.gov/Genbank). The aligned sequences were then manually 
checked for gaps in each row and saved in molecular evolutionary 
genetics analysis (MEGA) format using MEGA v.2.1 software. 
Pair-wise evolutionary distances were computed using the Kimura 
2-parameter model [14]. To obtain confidence values, the original 
dataset was resampled 1,000 times using the bootstrap analysis method. 
The bootstrapped dataset was used directly for constructing the 
phylogenetic tree with the MEGA program or for calculating multiple 
distance matrixes. The multiple distance matrix obtained was then used 
to construct phylogenetic trees using the neighbor-joining method of 
Saitou and Nei [15]. All of these analyses were performed using MEGA 
v.2.1 [16]. 

Degradation of tannic acid by cell-free extracts: The experiment 
was performed in 2-ml-Eppendorf tubes in a final volume of 1.1 ml 
containing 1 mM tannic acid final concentration. This involved the 
addition of 45 μl of 25 mM stock solution of tannic acid (Sigma, 
Germany) to the cell-free extract. The mixture was incubated in the 
dark at 37°C for 18 h. The reaction products were extracted twice with 
one third of the reaction volume of ethyl acetate (Lab-Scan, Ireland). 
The solvent fractions were filtered through a 0.45 μm PVDF filter 
(Teknokroma, Spain) and analysed by HPLC.

HPLC analysis: The water soluble polyphenolic compound tannic 
acid treated with tannase enzyme was analyzed with high performance 
liquid chromatography (HPLC). The analysis was carried out on a 
Shimadzu chromatography equipment SPD-20A model with a UV 
visible detector and C18 (4.60 mm × 250 mm) column with LC-8A 
pump followed by solvent system using acetonitrile, water and ethanol 
(3:5:2) as eluent at a flow rate of 1.4 ml/min with a total running time 
of 20 min. Detection was performed at 254 nm.

Tannin degradation confirm to FT-IR analysis: In determining 
the possible functional groups FT-IR analysis was performed using 
Perkin Elmer’s most power, which is used to detect the characteristic 
peaks and their functional groups. The vibration pattern that appears 
in the infrared spectra provides information about the chemical 
functional group of the sample. Tannase enzymes prepared and 500 µl 
of 0.5% tannin acid was mixed together and incubated at 37°C for 30 
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min. A fraction of sample was encased directly in sample holder and 
spectra were scanned from 500-4000 cm-1.

SDS-PAGE and zymogram: The culture filtrate with tannase 
enzyme was lyophilized and an aliquot of 2 to 5 mg was used for 
separation of the extracellular proteins by sodium dodecyl-sulphate-
polyacrylamide gel electrophoresis (SDS–PAGE–12% gel) [17]. The 
sample was mixed with SDS buffer without b-mercaptoethanol and 
heated for 5 min at 40°C, and then loaded and run in Mini Protein 
II Electrophoresis unit (Bio Red) at 4°C. The location of tannase 
activity within the gel was determined as described by Aoki et al. [18]. 
After electrophoresis, the gel was removed and washed for 1 h in 100 
ml of 1% (v/v) triton X-100 followed by 30-min washes (twice) with 
100 ml 0.5 mol acetate buffer (pH 5.5) with constant shaking. The gel 
was incubated with 0.5% (w/v) tannic acid in 50 ml of acetate buffer 
(pH 5.5) for 15 min at 25°C. Tannic acid solution was discarded and 
subsequently the gel was rinsed with the same buffer and replaced with 
0.5% (w/v) quinine hydrochloride and incubated at 25°C to visualize 
the tannase enzyme activity on the gel.

Submission of GenBank: The bacterial 16S rDNA gene sequences 
from our effort were deposited in the GenBank Sequence Read Archive 
under accession number KX156583.

Results 
Isolation of tannase enzyme producing gut of G. krishnani 
bacteria

G. krishnani was dissected in the laboratory conditions and plated 
in the trypton soya agar. Enumeration of microbial flora in the GI tracts 
of G. krishnani studied revealed that presence of bacteria in gut region 
was numerous. Maximum number of microbiota (8.2 × 106 CFU/ml) 
was found in the gut of G. krishnani. It was observed that 5 isolates 
out of total 120 tested were able to show significant growth on tannase 
plate. The tannase producing bacteria were subjected to different 
substrate concentration of tannic acid 0.25%, 0.5%, 0.75 % and 1% 
(Figure 1), further screened for their ability to degrade tannic acid by 
gel diffusion method (zone of hydrolysis). Out of these, 5 isolates (TAH 
6, TAH 13, TAH 36, TAH 38 and TAH 41) were found to be positive for 
visual detection method as indicated by a color change of the medium 
from red to brown color using tannic acid as the substrate. However, 
a distinct zone of hydrolysis on the agar plates could not be obtained 
by other bacteria’s except TAH 41. TAH 41 bacterial strain showed 
clearing zone in all tannic acid plate tested and the results confirmed 
that bacterial strains were able to resist 1 % tannic acid (Figure 2). 
Subsequently the five isolates were subjected liquid culture analysis, in 
this experiment TAH41 (2.23 U/ml), showed maximum activity others 
showed less activity. G. krishnani is the mainly concerned as much to 
seek in its digestive systems for the search of beneficial microbes which 
is responsible for the digestive a large amount of tannase producing 
microbes. 

Identification of bacterial TAH41 by biochemical and 16S 
rDNA sequence analysis 

The gram-staining analysis observed to have a bacteria long 
rod with shape. The morphological, physiological and biochemical 
characteristics were carried out to identify the strain (Figure 3), the 
results showed a typical characteristic of Enterobacter cloacae (Table 
1). The 16S rDNA sequence of the bacterial strain was amplified using 
the universal primers 27 F’ and 1492 R’ from chromosomal DNA of 
the strain used as template, yield the amplification 1500 bp was viewed 

in agarose gel electrophoresis (Figure 4). By performing a BLAST 
search in the Genbank data base analysis showed the strain belongs 
to Enterobacter cloacae. The phylogenetic tree was constructed by the 
neighbor joining method with respect to the phylogenetic tree of the 
16S rDNA among the strains is considered to be representative of the 
species (Figure 5). 

Tannase cell free extract to analysis HPLC 

HPLC analysis was carried out to show the degradation of tannic 

 

Figure 1: Efficiency of tannase-producing bacteria in different concentration of 
tannic acid. A-0.25% Tannic acid; B-0.5% Tannic acid; C-0.75% Tannic acid; 
D-1% Tannic acid.

 
Figure 2: Tannase enzyme plate assay from Enterobacter cloacae.
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Figure 3: Biochemical analysis Enterobacter cloacae (A) Citrate test; (B) 
Methyl Red (MR); (C) Indole production; (D) Urea hydrolysis; (E) Voges-
Proskauer (VP).
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Figure 4: PCR amplification of 16S rDNA gene from insect gut microbes of E. 
cloacae.

acid by the tannase enzyme of E. cloacae. The control tannic acid 
was quantified by C18 general purpose column using the solvent, 
the mobile phase is of solvent acetonitrile, water and ethanol (3:5:2, 
v/v/v). The results are shown in Figure 6, the hydrolysis of tannic acid 
and the accumulation of galic acid is identified clearly. The presence 
of compound gallic acid was confirmed by an extended standard 
(gallic acid) in order to compared the retention time and to know the 
product accumulation. In the present work HPLC analysis revealed the 
formation of different peak with different chemical intensity along the 
fermentation between retention time of 2.5 min. The shift in peak states 
that the tannase enzyme has hydrolysis tannic acid; similar research was 
stated by Rahman et al. [19]. The results showed tannic acid degraded 
into simple molecules. Tannase enzyme activity was notably present in 
the digestive system gut of microbes from Enterobacter cloacae many 
insects [20].

Analysis of FT-IR tannase enzyme from E. cloacae 

The FT-IR analysis was performed for control tannic acid (T1) 
and treatment (T2) with tannase enzyme of strain E. cloacae for 1 hr 
at 37°C. The FT-IR spectrum of tannin samples was described by five 
main modes with maximum absorbance peak near 3500, 2500, 2000, 
1500, 500 cm-1 (Figure 7). FT-IR analysis of the tannase enzyme showed 
bands at 3432.03, 2838.51, 2086.85, 1631.94, 1367.17 and 780.76 cm1, 
which reflected the presence of H-bonded ‘O–H’ stretching, C–H 
stretch, conjugated C¼O, C¼C (aromatic), C–O stretch and para O–H 
(out of plane). The FT-IR result showed control tannic acid and treated 
with tannase enzyme exhibited a different pattern respectively that was 
correlated with the bonding pattern confirmed its presence. The FT-
IR spectrum was used to identify the functional chemical group of the 
active components based on the peak value in the region of infrared 
radiation

Protein determination SDS-PAGE and zymogram analysis

The E. cloacae apparently produced a single type of extracellular 
tannase, as evidenced by a single band of tannase enzyme activity in 
polyacrylamide gel electrophoresis and zymogram analysis. When 
the gel was activated with tannic acid and subsequently with quinine 
hydrochloride, it was rapidly covered with an insoluble complex of 
tannic acid and quinine hydrochloride. The complex was uniformly 
distributed on the gel, whereas some portion (3-5 mm) remained 
transparent on the top of the gel without formation of the complex, 
which indicated that tannase enzyme activity appeared as a clear band 
on the gel approximately ~45 kDa (Figure 8). 

Discussion
The insect gut of animals exhibiting a natural adaptation to 

dietary resources containing tannins could harbor valuable microbes 
and enzymes as augment livestock production [21]. Tannins have 
several important biological activities, such as a mechanism of defense 
against diseases caused by bacteria, fungi and viruses [22]. Bitter taste 
of tannin helps to protect plant tissues from the attack of insects and 
herbivores [23]. Moreover, gut anaerobes have also been isolated from 
non-ruminants which can dissociate hydrolysable tannins HT-protein 
complexes, but not the complexes of proteins with condensed tannins 
[24]. E. ludwigii GRT-1 isolate was found to grow as scattered cells 
when grown on culture media containing different levels of tannic acid 
[25,26]. Tannin-degrading bacteria, such as Streptococcus caprinus, 
Streptococcus gallolyticus, Streptococcus macedonicus, Selenomonas 
ruminantium has been earlier reported [27-29]. The fiber-degrading 
bacteria and fungi usually adhere to the surface of plant cell walls, and 

Colony Morphology

Configuration Round

Margin Entire
Elevation Raised
Surface Smooth
Pigment Cream
Opacity Translucent

Cell Shape Shorts rods
Size (µm) 0.5-1.5 µ

Arrangement Occurring singly
Biochemical test Characterization

Indole test -Ve
Methyl red test -Ve

Voges Proskauer test +Ve
Citrate utilization +Ve
Urea hydrolysis -Ve

Table 1: Biochemical characterization of tannase enzyme producing E. cloacae.
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Figure 5: Phylogenetic tree based on 16S rDNA sequences for the gut microbes isolated from insect G. krishnani. The tree was constructed using the neighbour 
joining method. To obtain confidence values, the original dataset was resampled 1,000 times using the bootstrap analysis method.

 

Figure 6: HPLC analysis of tannase enzyme (A) Tannic acid; (B) Gallic acid; (C) E. cloacae cell free extract tannase enzyme; (D) Treatment of tannase enzyme 
incubated for 60 min at 37°C in the presence of 1mM tannic acid. Detection was performed at 254 nm.
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Figure 7: Tannase enzymes degradation to analysis FT-IR Tannic acid (T1) and Tannase enzyme treatment (T2).

 

Figure 8: Molecular weight of E. cloacae tannase estimated by SDS-PAGE. 
(Lane 1) Marker proteins (kDa), (Lane 2) Crude extract CFE (Lane 3) 
Zymogram.

a lack of understanding of how to exploit this process may be one of the 
reasons for the difficulty in establishing inoculants microorganisms in 
the rumen [30].

The study suggests that the tannase could be useful to synthesize 
molecules of pharmaceutical interest, and that tannase and Enterobacter 
sp itself could be used to protect grazing animals against tannins [31]. 
This is the first report on tannase activity of E. cloacae isolated from gut 
region G. krishnani insect. However, the present work is a preliminary 
study, and relevant to the screening of tannase plate assay microbial 
degradation of hydrolysable tannins (HT), and the physiological role 
of their metabolites in these animals requires further investigation 
[22]. The taking into account the tannic acid degradation observed by 
cell-free extract in the described experiment, we obviously confirmed 
for the first time that E. cloacae is able to extend degrade tannic acid. 
Previously a complex environment where both aerobic conditions 
prevail in the termite insect gut has been studied [32]. Abundant 
aerobic bacteria have been found [33].

The contribution of these bacterial populations to the hydrolytic 
enzyme has not been fully assessed. The FT-IR result showed control 
tannin treated to tannin with enzymes exhibited a different pattern. 
Previous reports that the variations in the absorbance at 3454, 2358, 
2070, 1640, 667 state that the tannase enzymes degradable to tannic 
acid in the tannin complex compound [34]. This assumption is logical 
when one realizes that most industrial enzymes will necessarily have 
originated from the small percentage that has been cultured because of 
the poor ability to culture environmental microorganisms [35].

This observation is comparable with the earlier study by Mahendran 
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et al. [36] which showed that purified tannase from P. varoitii was 
present in a monomeric form the specific detection of tannase 
activity on the SDS-PAGE during zymogram analysis. Previously, 
Lactobacillus plantarum and K. pneumonia tannase were also found to 
be a monomer with a molecular mass of 46.5 and 50 kDa, respectively 
[37,38]. In insects the digestion of food by gut associated bacteria has 
been demonstrated in cricket’s mole, germ free crickets have much less 
hydrolytic enzymes activity a conventional cousin and these bacteria 
help in utilizing a wide range of food substrate [22].

Conclusion
Screening of gut microbial from the insect G. krishnani revealed the 

presence of a diverse group of microbes producing tannase enzyme. In 
summary, tannase are an industrially important enzyme that is mainly 
used in the tannery effluent industry. As the range of applications of this 
enzyme is very wide there is always a search for novel tannase enzyme 
with better characteristics, which may be suitable in the diverse fields 
of applications. The present paper reports the isolation, identification 
and characterization of tannase from G. krishnani insect gut microbes 
Enterobacter cloacae. Hence, recent biotechnological intervention, 
genetic manipulation through bioinformatics prediction approaches 
must be made to enhance the functional property of tannase enzymes 
to exploit them for various industrial applications. With regards to 
tannase much of its activity, especially in the insect world, seems get 
to be explored.
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