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ABSTRACT

In the present study, a tannin acyl hydrolase producer bacterium Kiebsiella pneumeoniae (GenBank Accession Number KP715242) isolated
from the soil was used for enhanced tannase production. An attempt was carried out to develop an eﬂ:ment tannase producing strain by
subjecting this parent strain (K. pneumoniae KP715242) to various mutagenic agents viz. heat, UV irradiations, NTG (N-methyl-N-nitro-
N-nitrosoguinidine) and MMS (methyl methane sulfonate). Two most efficiently growing colonies per treatment were selected at 5-10%
survival rate for each treatment. These mutants were assessed for enzyme production under submerged fermentation at preoptimized
culture conditions i.e. 5.2 pH, 34.97°C temperature, 103.34 pm agitation speed and 91.34 h of incubation time. Among these, the maxi-
mum tannase production (0.075 U/ml) was observed for the mutant U2. The most efficient mutant strain U2 had nearly 1.15 fold more
enzyme activity as compared to the wild type strain (0.065 U/ml) after 90 h of incubation time under similar culture conditions. The
maximum enzyme production in this mutant strain was 0.063 U/ml after an incubation time of 75 h as compared to wild type strain
that had an incubation period of 90 h for a maximum enzyme activity of 0.065 U/mL. The results indicated that the mutated strain U2
exhibited higher tannase activity as well as less incubation as compared to the wild type strain.
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INTRODUCTION

Tannins are water soluble polyphenolic compounds of
varying molecular weights. These are extensively dis-
persed in the plant kingdom and are the fourth most
abundant plant component after cellulose, hemicellulose
and lignin. Tannins own several imperative biological
properties, like defense against fungal, bacterial, and
viral diseases. Tannins defend the susceptible parts of
the plants from microbial attack by deactivating the
attacking microbial extracellular enzymes (Aguilar and
Sanchez, 2001). Tannins interact promptly with pro-
teins and other molecules to make them indigestible,
and adversely affect the nutritive value of animal food
(Bhat ef al., 1993). High concentration of tannic acid in
soil has several detrimental effects like plant vegetation,
cropping systems and low production yield. Moreover,
tannin also causes various nutfitional and processing
‘problems like protein mdzgtstzbnhty, inhibition of enzy-
matic reactions and essential microbial processes such
as those necessary for beer brewing. These undesirable
properties of tannin are responsible for reduced volun-
tary feed intake, inefficient digestion and low animal
productivity (Jana et al., 2014).

Tannin acyl hydrolase (tannase) causes the degrada-
tion of hydrolysable tannins because of its hydrolyzing
ability for the ester and the depside bond with subse-
quent release of glucose, gallic acid and several galloyl
esters of glucose (Haslam and Stangroom, 1996; Govin-
darajan ef al., 2019). Tannase belongs to the esterase
superfamily and has been shown to be intracellular as
well as extracellular (Aguilar e al., 2007; Banerjee and
Mahapatra, 2012). This enzyme has found numerous
potential in different industrial aspects like food, brew-
ing, beverages and, pharmaceuticals. It has been pro-
foundly used for the preparation of instant tea, clarifi-
cation of various fruit juices with other beverages and
more importantly in the gallic acid production [Belmares
et al., 2004; Mohapatra ef al., 2009; Madeira ef al., 2011;
Chavez-Gonzalez et al., 2012, Ghosh and Mandal, 2015;
Fathy et al., 2018; Aharwar ef al., 2018).

Tannase has been reported to be present in plants,
animals and microorganisms, with maximum production
from the latter. It is synthesized by various microbes like
bacteria, fungi, and yeast. However, maximum research
work has been done in case of fungi. Nevertheless, fun-
gal applications at commercial level are largely discour-
aged owing to its rather low growth rate coupled with
relatively complex genome. On the other hand, growth
potential of bacteria is very high and are comparatively
easier to be handled at the genomic level. Apart from
this, the bacteria also owe the ability to endure extreme
temperature conditions, thereby exhibiting greater
thermo-stability (Kumar et al., 2015). Moreover, bacte-

rial tannase can also degrade and hydrolyze natural tan-
nins and tannic acnd very efficiently (Deschamps et al.,
1983).

Production of tannase from microorganisms can
be achieved through different methods like liquid sur-
face, submerged (Smf), solid state fermentation (SSF)
and modified solid-state fermentation (Belmares ef al.,
2004). Submerged fermentation is usually considered as
more valuable because of easiness of sterilization, and
process control to engineer in these systems (Mahapatra

ef al., 2005; Jana, 2013; Govindarajan et al., 2019). In_

view of the immense potential of tannase, large num-
ber of efforts have been carried out to make the pro-
duction and purification of this enzyme more efficient.
These efforts include the exploration of novel sources of
tannase (Mahapatra and Banerjee, 2009; Chhokar e al,,
2010; Zakipour et al., 2013) search of new and more
effective fermentation systems (Purohit et al., 2006),
statistical optimization of different culture conditions
(Raaman et al., 2010; Aharwar et al., 2018), develop-
ment of more efficient procedures for purification and
fecovery of tannase and enhanced tannase production
through mutagenesis and recombinant ‘microorganism
(Curiel ef al., 2009; Liu et al., 2018).

The present study represents a part of these efforts
with an aim to produce a more efficient tannase produc-
ing mutant bacterial strain. In this study, we have made
an attempt to enhance tannase production by different
mutagenic approaches from culture of Klebsiclla pneu-
moniae KP715242

MATERIALS AND METHODS

ISOLATION AND IDENTIFICATION OF TANNASE
PRODUCING BACTERIAL STRAIN

A number of soil samples collected from different
regions of Ambala, India were screened for the isola-
tion of tannase positive bacterial strains. Each soil sam-
ple (1.0 gm) was suspended in 50 m! minimal medium
containing K HPO,:0.5g/l, KH PO,:0.5¢/1, MgSO0,:2.0g/l,
CaCl: 1.0g/l and NH,Cl: 3. Ogll supplemented with 1%
tanmc acid (pH 5.5) and incubated at 37°C on rotary
shaker at 150 rpm for 24 hours (Osawa, 1990). A por-
tion of each culture was transferred to fresh medium and
cultured again under same conditions until pure cultures
were obtained. The strains were maintained on nutrient
agar slants in refrigerator at 4°C by regular transfer, All
the pure isolates were assessed for tannic acid degrada-
tion using through visual reading method and zone of
hydrolysis (Kumar et al., 2015a).

Bacterial strain with maximum tannase activity (TAH
10) was identified on the basis of its morphological,
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physiological, biocherical characteristics and 16S RNA

gene sequence. . :

TANNASE ASSAY

For the tannase assay, 200 pl enzyme solution was mixed
with 300p! of 1.0% (w/v) tannic acid prepared in 0.2 M
acetate buffer of pH 5.5. The mixture was incubated for
40 minutes at 40°C, thereafter the reaction was stopped
by the addition of 3.0 ml bovine serum albumin (1 mg/
mL} that caused the precipitation of the residual tannic
acid. The heat denatured enzyme was used as a control
and was processed in similar way. The reaction mixture
containing tubes were centrifuged at 7,000 x g for 10
minutes followed by the dissolution of the precipitates
in 3.0 ml of SDS-triethanolamine (1% w/v) solution.
Thereafter, 1.0 ml of FeCl, reagent (0.13 M) was added

and the mixture was incubated for 15 minutes to get the

color stabilized. The enzyme .activity was measured by
reading the absorbance of both the sample and control
‘tubes at 530 nm against the blank {without tannic acid).
One unit of the tannase was defined as the amount of
enzyme, which is able to hydrolyze 1 mM of substrate
tannic acid in 1 minute under assay conditions (Mondal
et al., 2001; Kumar ef al., 2016).

FORMULATION OF CELL SUSPENSION

For the preparation of the cell suspension, a small portion
of 24 hours grown culture of K. pneumoniae was added
in 50 mL nutrient broth followed by subsequent incuba-
tion at 37 °C for 12 hours under shaking conditions (110
pm). A cell biomass pellet was obtained by centrifuging
10 ml inoculated broth at 9000 x g for 10 min at 4°C. The
cell suspension (approximately 10™* cells/ml) was pre-
pared by dissolving this pellet in 10 ml sterilized saline
and was used for further studies.

HEAT INDUCED MUTAGENESIS

In order to carry out heat induced mutagenesis, 1.0 ml
of cell suspension was transferred to a sterilized test
tube and was heated at 60 °C for different time inter-
vals ranging from 20 to 70 minutes. The cell suspension
was serially diluted to obtain a final dilution of 10°%/ml.
After the dilution, 100 pl of heat treated cell suspen-
sion was laid over the nutrient agar plates supplemented
with 2% tannic acid under sterile conditions. All the
plates (20, 30, 40, 50, 60 and 70 min) were processed
in the same manner. Afier keeping all the plates in dark
for 30 minutes, they were incubated for 48 hours at
37°C. Subsequently, the survival percentage was deter-
mined over the control (plate containing unheated cell
suspension).

UV INDUCED MUTAGENESIS
For thé induction of UV induced mutagenesis, 1.0 ml of
the appropriately diluted cell suspension was taken sep-
arately in different Petri plates. All of these plates were
exposed to UV radiations for different periods ranging
from 10 to 60 minutes by maintaining a distance of
about 10 cm from the source of UV radiations. After the
desired time period, the plates were given dark treatment
for 30 minutes, plated on nutrient agar plates provided
with 2% tannic acid and incubated for 48 hours at 37°C.
The survival percentage of bacterial cells was calculated
over the untreated control plate.

NTG (N-METHYL N-NITRO
N-NITROSOGUANIDINE) AND MMS
(METHYL METHANE SULFONATE) INDUCED
MUTAGENESIS ’ s - -

To observe the effect of NTG_and MMS mutagens, the

bacterial cell suspension and NTG (1 mg/ml) and MMS.

(100 pl/ml) solutions were mixed separatély in a ratio
of 1:1 in corresponding test tubes excluding the control
tube. This mixture was incubated at 37 °C for different
time periods ranging from 10-60 min. After the desired
period of treatment, mixture solution containing treated
bacterial cells was centrifuged at 8000 x g for 10 min at
4 °C. The pellet obtained was washed twice with steri-
lized normal saline and plated on nutrient agar plates
supplemented with 2% tannic acid. The plates were
given dark treatment for 2 hours and then incubated
at 37 °C for 48 hours. The cell survival percentage was
determined using the plate containing the untreated cell
suspension as control,

COMPARISON OF TANNASE PRODUCTION
BETWEEN MUTANT STRAINS FROM EACH
TREATMENT

For the isolation and identification of hyper tannase
producer strain, two colonies from around 5% survival
rate were selected for each treatment. The selected iso-
lates were used for the production of extracellular tan-
nase in submerged conditions. Tannase production was
carried out in 250 ml Erlenmeyer’s flask with 50 mi of
fermentation medium(0.5 g/l K,HPO,, 0.5 g/l KH,PO, 2.0
g/ MgS0,, 1.0 g/i CaCl, and 3.0 g/l NH_CI) enriched with
1% tannic acid under optimized conditions. After regu-
lar intervals of 15, 30, 45, 60, 75, 90 and 105 hours, 1.0
ml of the fermented medium was aseptically removed
and centrifuged at 10,000 rpm for 20 min at 4°C. The
obtained supernatant (crude enzyme) was used for the
estimation of tannase activity.
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- RESULTS AND DISCUSSION

ISOLATION AND SCREENING OF BACTERIA

A total of 13 pure isolates out of 20 were able to show
significant growth on nutrient agar plates supplemented
with 1% tannic acid. Out of these 13 isolates, only 6
isolates were found to be positive for visual detection
method. However, only TAH 10 was able to exhibit dis-
tinct zone of hydrolysis on the agar plates (Fig. 1) with
maximum tannase activity of 0.02 U/ml amongst all &
tested strains (Table 1). Tannase production from this

SR ¥ A

FIGURE 1. Nutrient agar plate show-
ing tannase-producing bacterium
TAH 10 after 4 days incubation

Table 1. Tannase activity of the positive isolates
Isolate number Enzyme activity (U/ml)*
TAH 3 0.015+0.002
TAH 4 0.012+0.003
TAH 7 0.016+0.004
TAH 8 0.01520.004
TAH 9 0.018+0.006
TAH 10 0.02£0.001
“Values are mean of three replicates; + Standard deviation

wild type strain was maximized by optimizing the vari-
ous culture conditions. Under these optimum conditions
(5.2 pH, 34.97 *C temperdture, 103.34 rpm agitation
speed and 91.34 hours of incubation time) this strain
exhibited 0.065 U/ml of tannase in comparison to 0.025
Ufml obtained under un-optimized. conditions (Kumar
et al., 2015a), . N, % : ;

IDENTIFICATION OF BACTERIAL ISOLATE

On the basis of morphological characterization, the bac-
terial strain TAH 10 was found to be a gram negative,
non-motile, rod shaped bacterium. Amplification of 165
IDNA and its subsequent gene sequence was used to
construct the phylogenetic tree (Fig. 2). The 16S rDNA
sequence of the strain TAH 10 has been deposited in the
NCBI GeneBank (Accession Number KP7152432).

)

Az
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FIGURE 2. Neighbor-joining tree showing the position of isolate Klebsiellz preunoniae
KP715242 shown as sample (Kumar et 4l., 2015a).
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DE\.IEL-OPM'EN'I.' OF EFFICIEN.T TAN'NASE heat associated deleterious effects include mutations,

PRODUCING BACTERIAL STRAIN THROUGH recombination, and mitochondrial membrane disrup-
MUTAGENESIS tion which are thought to cause decreased sulfhydryl

content. Similarly, the co-culture of Aspergillus foetidus
For the development of hyper tannase producing bac-  anq Rhizopus oryzae was completely eliminated after 60
terial strain, the parental isolate Klebsiellg pncumonige  minyte exposure of heat treatment {Purohit et al., 2006).
was subjected to various mutagenic treatments like heat Zakipour et al. (2013) reported enhanced production of
treatment, ultra-violet (UV) radiation, N-methyl N-nitro tannase from Penicilliym sp. EZ-ZH150 through induced
N-nitrosoguanidine (NTG) treatment and methyl meth- mutation. It was observed that after 10 minute exposure
ane sulfonate (MMS) treatment. The action of such kind of heat treatment at 60°C, 8.5x10* colonies (17% of the
of mutagenic treatments is random in nature that may  jnitjal number) were obtained that declined gradually
also lead to mutations in the desired genes resulting in+ with the increase in €xposure time and became nil after
the impairment of essential functions culminating in the exposure of 40, 50, and 60 minutes.
death of the cells, § ’

INFLUENCE OF uv RADIATIONS ON THE

INFLUENCE OF HEAT ON THE SURVIVABILITY SURVIVABILITY OF KLEBSIELLA PNEUMONIAE
OF KLEBSIELLA PNEUMONIAE : : - - el -
: Extended expdsure to UV radiations can alter_the

The heat treatment {60°C) associated survival percentage genetic makeup of a cell, tesulting in deleterious muta-
of the bacterial cells is depicted in figure 3. The survival | tions and the possible cell death, Most of the mutations
bercentage declined to 32.20% after initial 20 minutes are in the form of thymine dimers Produced due to the
of heat treatment. There was a Pprogressive decrease in  fysion of two adjacent thymine bases, Thymine dimers
the survival rate with the Passage’ of time and the cul- negatively influence the structural organization of the
ture was almost lost after 50 minutes of treatment. The  pNa, subsequently mutating the genetic material of the
mechanism of heat action involves generation of an OXi~ el In the present study, the percent survival of Kleb-
dative stress in the cells and such heat generated stress  gielly preymonige culture after UV treatment is shown
has been reported to be lethal at 50°C in Saccharomy- iy figyre 4. A survival rate of 43.1% was obtained after
ces cerevisiae (Davidson and Schiestl, 2000). The other initial 10 minute exposure which declined progressively

e i e
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FIGURE 3. Effect of heat treatment on the survival percentage of Klebsiella pneumonia l
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FIGURE 4. Effect of UV treatment on the su;vival percentage of Klebsiella pneumonin'e

as the'exposure time increased. The culture was virtually
lost after exposure of 50 minutes. Similar impact of UV
radiations has been observed in case of co-culture of
Aspergillus foetidus and Rhizopus oryzae (Purohit et al.,
2006). Countless colonies were observed after the ini-
tial 10 minutes of treatment, however, the cell number
decreased with further increase in time and became nil

after exposure of 60 minutes.

INFLUENCE OF NTG (N-METHYL N-NITRO
N-NITROSOGUANIDINE) MUTAGENS ON THE
SURVIVABILITY OF KLEBSIELLA PNEUMONIAE

* NTG mutagen induces repetitive mutations and strongly
increase their frequency. It precisely interacts with DNA
and is considered as UV-mimetic agent. In addition, NTG
may also form nitrosoguanidine group containing reac-

120.0

100.0
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60.0

40.0

Percent Survival
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0.0

-20.0 r &

20 30 40 50 60
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FIGURE 5. Effect of NTG treatment on the survival percentage of Kiebsiella preumoniae
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FIGURE 6. Effect of _MMS treatment on the survival percentage of Klebsiella pneumoniae ;
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FIGURE 7. Effect of incubation period on the enzyme activity of different mutant strains of Klebsiella pneumonia
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FIGURE 8. Stability test of most efficient mutant strain of Klebsiella pneumoniae for tan-

nase production

tion products upon reaction with organic ions. It may
inhibit the synthesis of functional proteins or could

-affect protein synthesis by causing mistakes during

translation (Vorobjeva, 2013). These inhibitory effects
of NTG have also been observed in the present study.
After initial exposure of 10 minutes, the percent survival
rate of Klebsiella pneumoniae was reduced to 56.7%. The
survival rate declined steadily with increase in the expo-
sure time and the culture was nearly eliminated after
50 minutes of treatment (Fig. 5). A similar trend has
been observed in case of co-culture of Aspergillus foeti-
dus and Rhizopus oryzae where 60 minute exposure to
NTG completely eliminated the culture (Purohit et al.,

'2006).

EFFECT OF MMS (METHYL METHANE
SULFONATE) TREATMENT ON THE
SURVIVABILITY OF KLEBSIELLA PNEUMONIAE

Methylmethane sulphonate (MMS), is a type of alkylating
agent and possess cytotoxic and mutagenic properties.
It primarily methylates purine bases leading to various
adduct formation in the DNA. Most of the methylated
bases are toxic to the cell, hamper DNA replication and
can also be a source of base pair substitutions muta-
tions. In this report, initial 10 minute exposure to MMS
resulted in 43.4% survival rate which declined gradually

as the exposure time increased and was practically lost
as the exposure time reached 50 minutes (Fig. 6).

SELECTION OF MOST EFFICIENT TANNASE
PRODUCING MUTANT STRAIN

From each mutagenic treatments, two most efficiently
growing colonies per treatment were selected from
5-10% survival rate from the nutrient agar plates. These
bacterial colonies were carefully chosen from the plates
having 40-minute exposure to heat (H1 and H2), UV
(UV1 and UV2), NTG (N1 and N2) and MMS (M1 and
M2) treatments.

For the isolation and selection of most efficient tan-
nase producing mutant strains, these mutants were fur-
ther assessed for enzyme production under submerged
fermentation at preoptimized culture conditions i.e. 5.2
pH, 34.97°C temperature, 103.34 rpm agitation speed and
91.34 hour of incubation time as reported in our previ-
ous study (Kumar et al., 2015a). Among these, the maxi-
mum tannase production (0.075 U/ml) was witnessed in
mutant U2 followed by U1, H2, and H1, producing 0.065,
0.059 and 0.056 U/ml, respectively (Fig. 7). It was found
that the U2 was the most efficient tannase producing
mutant, giving approximately 1.15 fold more enzyme
over the wild type strain (0.065 U/ml) after 90 hours
of incubation time under similar culture conditions. The
maximum tannase in this mutant strain was 0.065 U/mL
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with an incubation period of 75 hours as compared to

" wild strain where the incubation period was 90 hours in

order to exhibit the same enzyme activity. Moreover, for
the mutant strain U2 generated by 40 minute UV treat-
ment, the incubation time lowered from decreased 90
hours to 75 hours to exhibit the same enzyme activity
(0.065 U/mL ) as obtained in case of wild culture,

The present results are in accordance to the previ-
ous report of enhanced tannase production through
mutagenesis highlighting 1.21 fold increase in tan-
nase production from mutant SCPR 337, produced by
60-minute heat treatment {Purohit et al., 2006). In addi-
tion, the incubation period also decreased to 30 hours
from 48 hours for maximum enzyme production as
compared to the wild co-culture of Aspergillus foetidus
and Rhizopus oryzae. Similarly, Zakipour et al. (2013}
also observed that the incubation time of the mutant B
named Penicillium sp. EZ-ZH290 (generated by 30 min-
ute heat treatment at 60 °C) for maximum tannase pro-
duction, decreased from 96 hours to 84 hours retaining
the same tannase activity of 4.3 U/m! in comparison to

the wild culture.

The best performing mutant strain U2 was assessed
for its tannase producing capability for 10 generations.
Figure 8 shows that this mutant maintained the produc-
tion efficiency endorsing the stability and heritability of
the mutation.

CONCLUSION

The tannase producer bacterium K. pneumoniae (Gen-
Bank Accession Number KP715242) used in the present
study was isolated from soil and was subsequently iden-
tified at the molecular level through 16S ribosomal RNA
gene sequence. Induction of mutations through various
mutagenic agents and screening of commercially sig-
nificant microorganisms are crucial processes for the
efficacious development of various microbial strains
required for fermentation industry. Enhanced tannase
production through mutagenesis has been reported in
case of fungi but till date, there is no report on strain
improvement in case of bacteria. Therefore, mutagenesis
was induced for the first time in the bacterial parent
strain Klebsiella pneumoniae through various mutagenic
treatments in an attempt for the development of more
efficient tannase producing mutant bacterial strain.
Amongst different mutagenic agents, UV-radiations
were found to be most effective in generating more effi-
cient tannase producer mutant strain. In comparison to
the wild type strain, the improved mutated strain deliv-
ered enhanced tannase production coupled with reduced
incubation period. Moreover, the most efficient mutant
strain retained its tannase production efficacy for 10
generations reflecting the stability and imheritability of

the mutation. Such desifable properties of this mutant *
strain could be exploited for commercial production of
tannase at large scale with reduced cost.
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