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Abstract

The present study reveals isolation, identification and characterization of chromium heavy
metal resistant bacteria from tannery effluent collected in and around Tiruchirappalli. Initially,
a total of 11 distinct isolates were screened from three different tannery effluent samples.
Based on morphologicaland biochemical analysis revealed that, the isolates were authentically
identified. The six isolates were selected based on the level of heavy metal resistances and
among the four isolates respectively, Pseudomonas fluorescens, Bacillus subtilis, Pseudomonas
putida and Bacillus licheniformis were found to be tolerate 1000 ppm Cr. Isolate designated as
SII3 belongs to Pseudomonas putida showed maximum absorption of chromium (70%) and the
chromium reductase assay was 1.18 units. The results on pH and nitrogen indicate that medium
with peptone and yeast extract with pH 5-7 given significant growth and absorption of

chromium under static condition.
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INTRODUCTION

Heavy metal pollution is a risk for human health. The
industrial disposal of the heavy metals is a major
concern of eco toxicity caused by chemical
manufacturing, painting and coating, mining,
extractive metallurgy, nuclear and other industries.
The metal causes a deleterious effect on the flora
and fauna that grow in lakes and streams (Sayari et
al. 2005). Compare to conventional methods,
biosorption of metal ions by fungi at different
concentrations found to be efficient method.
Developing knowledge on biosorption pathway
mechanism is important to the design and

optimization of the heavy metal removal. Metal
removal from industrial effluents and subsequent
recovery is widely studied by fungal biosorption but
less applied. The biosorption method consists of two
phases, solid phase (biological material used as
biosorbent) and a liquid phase (solvent is used in
liquid phase such as water) containing a metal to be
sorbed. Many bacteria, fungi and yeasts were studied
and reported as potential source of biosorbents
(Quintelas et al. 2008). The heavy metals are
removed by biological materials and the process is
known as biosorption and material used s
abiosorbents. Different types of biosorbents re used
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it includes, bacteria, fungi, yeasts and agricultural
products has been used for biosorption.
Pseudomonas fluorescens, Enterobacter cloacae and
Acinetobacter sp. are resistant to chromium from
tannery effluent (Srivastava and Thakur 2007).
Research studies evidenced theCr®*biosorptionability
of different bacterial isolates such as Bacillus
megaterium, Bacillus coagulans, Acinetobacter sp
and Pseudomonas sp (Sukop et al. 2009). Therefore,
microbes have high surface area and the volume
ratio permits to interact with metals from the
environment (Zhu et al. 2008). Functional groups
such as -NHz, -COOH, -SH and —OH, present on the
microbial  surface  mediate  physicochemical
interaction with metal and the thereby regulate the
uptake of metal ions (Kotas and Stasicka, 2000).
Application of fungi as bio absorbant is highly
selective, efficient, easy to maintain and cost
effective for the treatment of large volumes of
wastewaters. Bioaccumulation or Biosorption is a
process that use the functional groups to form
complex with metal ions and play a vital role in
removing heavy metals (Sahi et al. 2006). Metal ions
entered into the cytoplasm through a specific carrier
system and the transport processes in live bacteria
cell is studied other than accumulation (Costa et al.
2001). Chromate reducing microbes detoxify
chromium via valence transformation (Cr®to Cr* by
reductase is considered to be an ideal onsite and in
situ bioremediation (Mangaiyarkarasi and Geetha
ramanai, 2014).

MATERIAL AND METHOD

Sample Collection

Chromium contain effluent was collected from KMM
Tannery during March 2018 located at Airport (Fig.1),
Tiruchirappalli in a sterile bottle and processed for
microbial studies.

Goé‘éle
Figurel: Sampling site
Isolation of Bacteria
Samples were serially diluted and plated on Luria—
Bertani (LB) agar (tryptone: 10 g I-1; yeast extract: 5
g I-1; NaCl: 10 g I-1; glucose: 0.1 g I-1) adjusted at
normal pH value (7.0). The molten medium was
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amended with Cr (VI) as Kz Cr2 O7 to final
concentration 100 ppm using sterile filtered Cr stock
solutions. Plates were incubated at 37°C for 48 h.
Subsequently, isolates were selected according to
growth and tested up to 1000 ppm for further
studies.

Growth phase studies

Growth patterns of isolated strains were measured
by growing approximately equal number of cells
(1x107 cells) in minimal broth contains 100 to 1000
ppm potassium dichromate. Growth rate was
measured at 610 nm. In case of resistant strain,
growth measurements were carried out in the
absence and presence of chromium in the media.
Determination of Cr (VI) reduction

Cells grown on minimal medium with 1000 ppm Cr
were harvested by centrifugation at 15° C for 10 min
and the supernatant was used for chromium
estimation. The hexavalent chromium in the culture
supernatants was measured by the addition of 1, 5-
diphenyl carbazide (DPC) reagent. One mL of the
supernatant, 9 mL of 0.2 M sulphuric acid and 0.2 mL
of 0.25% diphenyl carbazide in acetone were added,
and the absorbance of the pink colour developed was
read at 540 nm using distilled water as blank.
Chromium reduction was also tested at pH 2, 3, 5, 7,
9 and 10. Effect of nitrogen such as yeast extract,
peptone and ammonium sulphate also tested at
0.01% level with 2% fixed con of glucose.

The chromium removal percentage was calculated
using the following formula:

E = (Ci- Cf/ Ci) x 100

Where, E = Percentage removal of heavy metal; Ci =
initial metal ion concentration, mg/L; Cf = final metal
ion concentration, mg/L

Chromate reductase assay (Sau et al. 2010)

The CFE was fractionated with ammonium sulfate at
30 % (w/v) and protein precipitate was collected and
dialyzed. The assay mixture was prepared using
0.2mM NADH and 4.8uM Cr (VI) in 50 mM potassium
phosphate buffer (pH 6.0) and protein0.1(10 mg/ml)
mL of partially purified enzyme in a total volume of
five mL. Assay mixtures except enzyme or NADH
were used as respective controls. The assay mixtures
were incubated at 30" C for 30 min. The amount of
hexavalent chromium was measured using 1, 5-(DPC)
reagent. One unit of enzyme is defined as the
amount that catalyzes the conversion of 1 uM of
substrate Cr (VI) per minute per mg.

RESULT AND DISCUSSION

Isolation of chromium resistant bacteria

Three different samples were collected from tannery
and the effluent was dark green in color. The pH of
samples was 5.48, 10.50 and 10.28 respectively for
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sample |, Il and lll. The CFU of Sl is 38x10°and isolates
designated as SI1 to SI5. Colonies from sample Il
were designated as SlI1 to SlI3 and sample Ill as SlII1
to SllI3. The pH of the untreated tannery effluent was
acidic (SI-5.48) in nature and other two samples I
and Il are alkaline in nature (10.50, 10.28), with an
unpleasant odor and color. Unpleasant odor may be
due to the deposition of organic substances present
in the effluent. Out of 11, the predominate isolate
was Bacillus (27 %), Pseudomonas (18 %) and other
genera (9 %). Among the isolates the frequency of
Gram positive is 63 % and Gram negative (36
%).Based on biochemical character isolated strains
were identified as Pseudomonas fluorescens,
Escherichia coli, Alcaligenes sp, Micrococcus sp,
Bacillus methylotrophicus, Bacillus subtilis, E.faecalis,
Pseudomonas putida, Streptococcus Anaerobius,
Ruminococcus albus, Bacillus licheniformis were
isolated from different samples.

Testing of chromium resistance

Out of 11, 6 were grown well under 100 ppm Cr (table
1). The growth rate of isolate at 100 ppm Cr was
given in figure 3. The maximum growth was observed
in isolate SI1 followed by SlI1 respectively comes
under Genera of Pseudomonas and Bacillus. Figure 2
reveals the growth rate of Pseudomonas fluorescens,
Bacillus subtilis, Pseudomonas putida and Bacillus
licheniformisat 1000 ppm. The maximum growth rate
was observed in isolate SI1 followed by SII1
respectively comes under Genera of Pseudomonas
and Bacillus. The table-2 represents, the percentage
of chromium absorption by Pseudomonas
fluorescens was 74% with chromium reductase (Fig-
3) 1.26 U/mg. 70% of chromium absorption was
carried out by Pseudomonas putida and chromium
reductase rate was 1.18 U/mg. Chromium absorption
by Bacillus licheniformis was 68% and Bacillus subtilis
(62%). The percentage of chromium absorption and
chromium reductase rate was high by Pseudomonas
fluorescens when compared to other isolates.

The potential of isolated bacterial species heavy
metals from solutions by biosorption was effective in
Gram negative than Gram positive. The growth rate
of Pseudomonas fluorescens and Bacillus subtilis at
100 and 1000 ppm chromium was comparatively
higher than P.putida and B.licheniformis. Even
though the growth rate of B.licheniformis was
moderate, the chromium absorption was high when
compared to B.subtilis. Totally 11 strains and four
were selected for chromium absorption studies due
to its tolerance at 100 and 1000 ppm. Among the two
genera Pseudomonas and Bacillus, Pseudomonas
fluorescens and Pseudomonas putida shows
maximum  chromium absorption respectively
followed by Bacillus licheniformis and Bacillus
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subtilis. The types of mechanism to remove heavy
metals from effluent is varies among bacteria, fungi,
ciliates, algae, mosses, macrophytes and higher
plants (Sultan and Hasnain,2007). Bacillus subtilis are
Gram positive bacteria and the walls of the bacteria
contain glutamic acid act as efficient chelating agents
to remove metal.

Effect of pH and Nitrogen on Chromium absorbance
Based on reductase assay Pseudomonas fluorescens
was tested for its efficiency on Cr reduction under
nitrogen and pH (Table 3). The best pH was 7 showed
72% of reduction followed by 68% at pH 5. Last acidic
and basic was not found to be significant. 92 %
chromium reduction by a Gram-negative strain that
reduce chromium at 500 mg/L respectively at pH 7
and found as Pseudomonas family reported as potent
candidate for bioremediation (Rosa et al. 2018).
Wani et al.(2015) isolated a bacterial strains
Klebsiella sp. were resistance to Cr (VI) and found
tolerance to Chromium (VI).

Chromium reduction was carried out by supplying
various nitrogen sources like peptone, yeast extract
and ammonium sulphate. Among the three nitrogen
sources Pseudomonas fluorescens utilized yeast
extract and chromium biosorption was 68% when
compared to peptone (60%) and ammonium
sulphate (56%). Plumi et al. (2012) reported that
yeast extract (65%) were act as a best nitrogen
source for biosorption of chromium when compared
to peptone (61%), beef extract (58%), ammonium
sulfate (35%) and ammonium carbonate (27%).
Ammonium is a source of nitrogen when it is given at
a suitable for A. junii for chromium biosorption
compared to peptone and yeast extract
(Somasundaram et al. 2011). In previous studies
reported that, Bacillus methylotrophicus was isolated
and tested for its effectiveness against chromium.
The strain shows maximum reduction of 95M to
7.14M Cr (V1) in a complete synthetic medium
formulation within 48 hrs. Polti et al. (2011) have
suggested that through adsorption process
chromium is reduced its form from hexavalent to
trivalent. Streptomyces sp. are identified as resistant
strain. Cellulosimicrobium sp. (KX710177) was
isolated and identified from tannery effluent based
on 16S rRNA gene sequence analysis. Chromium
tolerance were tested at various concentration level
such as 50, 100,200 and 300 mg/L.
Cellulosimicrobium it persists up to 300 mg/L of
chromium. However, when the chromium level
decrease below 100mg/L the reduction rate was
99.33% (Bharagava and Mishra, 2018). Pseudomonas
putida and Pseudomonas plecolglossicide are a novel
strain and these strains were checked for its
degrading efficiency. Pseudomonas putida and
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Pseudomonas plecolglossicide shows 98.4% and
98.3% (Poornima et al. 2010). These two isolates are
able to breakdown the chemical compounds
(aliphatic and aromatic hydrocarbons, fatty acids,
insecticides) and it promote maximum
bioremediation properties.

Int J Pharm Biol Sci.

CONCLUSION

Heavy metal resistant Pseudomonas fluorescens
isolated from tannery effluent was found to be
potent biological agent for bioremediation of
chromium.

Table 1: Growth of bacterial isolates among chromium supplemented medium

Strain . Growth at 100 ppm Growth at 1000 ppm
Genera of isolates . .

code Chromium Chromium

SI1 Pseudomonas fluorescens + +

SI2 Escherichia coli - -

SI3 Bacillus methylotrophicus - -

Sl4 Alcaligenessp + -

SI5 Micrococcus sp - -

Sli1 Bacillus subtilis + +

Sli2 E. faecalis + -

SIi3 Pseudomonas putida + +
Sl Streptococcus Anaerobius - -

Sli2 Ruminococcusalbus - -

SII3 Bacillus licheniformis + +

Table 2: Chromium absorption and enzyme assay of selected bacterial isolates

Strain code Genera of isolates

Percentage of chromium

Chromium reductase U/mg

absorption
Si1 Pseudomonas fluorescens 74 1.26
Sli1 Bacillus subtilis 62 0.7
SII3 Pseudomonas putida 70 1.18
SHi3 Bacillus licheniformis 68 0.9

Table 3. Effect of Nitrogen and pH on chromium absorption by Pseudomonas fluorescens

Nutrient Biosorption percentage
pH 2 34
pH 3 36
pH5 68
pH 7 72
pH9 28
pH 10 18
peptone 60
Yeast extract 68
Ammonium sulphate 56
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Figure 2. Growth rate of bacteria at 100 ppm
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Figure 3. Growth rate of bacteria at 1000 ppm
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