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Abstract

Three bacterial strains, a cadmium resistant Ochrobactrum sp. designated as CdSP9 and two strains

of Bacillus sp. named PbSP6 and AsSP9 resistant to lead and arsenate, respectively were

characterized here with respect to their oxidative enzyme activities. The bacterial strains were

grown in basal medium supplemented with 50 µg ml1 of respective elements to determine the

changes in the level of oxidative enzymes. The superoxide dismutase activity increased in all three

isolates, but the catalase activity and malondialdehyde concentration were relatively more in

CdSP9 than PbSP6 and AsSP9. The glutathione peroxidase, however, remained almost uninduced in

CdSP9 but was enhanced in PbSP6 and AsSP9. A possible role of these enzymes in metal tolerance

is evident from these results.
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Introduction

There are various mechanisms of metal tolerance in

bacteria which may involve the energy dependant efflux of

the metal (Nies et al., 1995), precipitation of the metals as

insoluble salts (Blake et al., 1993), alteration of the membrane

permeability to the metal (Etelvina et al., 2005) immobilization

within the cell wall (Cervantes and Guntierrez-Corona, 1994),

production of chelating agents (Silver and Phung, 1996)

and biochemical transformation of metal ions (Etelvina et

al., 2005).  The role of certain enzymes in metal tolerance

may also be of great concern in this regard. Metals create

physiological stress leading to the generation of reactive

oxygen species (ROS) viz., O
2

-. , H
2
O

2
, OH. (Choudhary et

al., 2007). Under normal circumstances the concentrations

of these radicals remain low due to the activities of the

protective enzymes which include superoxide dismutase,

catalase, lipoxygenase and glutathione peroxidase. The

expressions of these enzymes are thought to be increased

under metal stress conditions to detoxify the reactive oxygen

species (Choudhary et al., 2007).

Superoxide dismutase is a metalloenzyme that

catalyses the dismutation of superoxides (O
2

-.) into oxygen

and hydrogen peroxide. Such enzymes provide a defense

system for the survival of aerobic organisms. The hydrogen

peroxide generated due to the SOD activity is also very

toxic. They may further be converted to hydroxyl free

radicals (OH.). The enzyme catalase detoxifies the H
2
O

2
 by

converting it into water and oxygen (Rosenfeldt et al., 2013).

One of the indicators of free radical generation is the

production of malondialdehyde which is a cytotoxic product

of lipid-peroxidation caused due to increased lipoxygenase

activity (Ohkawa et al., 1979; Choudhary et al., 2007;

Rosenfeldt et al., 2013).

The role of thiol compounds such as glutathione is

very crucial in oxidative stress relaxation (Riccillo et al., 2000).
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Two enzymes glutathione reductase (GR) and glutathione

peroxidase (GSHPx) maintain the concentration of

glutathione in the cell. The enzyme GSHPx removes toxic

peroxides formed during the normal course of metabolism

and oxidizes   glutathione reduced (GSH) to glutathione

oxidized (GSSG) form.

The objective of the present study was to analyze

the activities of oxidative stress related enzymes generated

in the cadmium, lead and arsenate resistant bacterial strains

isolated from a slag disposal site of an iron industry.

Materials and Methods

Bacterial isolates and growth conditions : One Gram

negative cadmium resistant strain of Ochrobactrum sp.

(CdSP9) and two Gram positive lead and arsenate resistant

strains of Bacillus spp. (PbSP6 and AsSP9, respectively)

isolated from slag disposal site of Iron and Steel Company

(IISCo), Burnpur, West Bengal, India were used in this study.

They were identified on the basis of their phenotypic

characteristics and 16S rDNA-based sequence analyses and

the optimum growth conditions, accumulation efficiencies,

etc. (Pandey et al., 2010, 2011). The GeneBank Accession

No. assigned for CdSP9, PbSP6 and AsSP9 were FJ798591,

FJ798592 and FJ798593, respectively. The strains were

submitted in MTCC (Microbial Type Culture Collection),

IMTECH, Chandigarh, India.

These isolates were cultivated in Luria Bertani

medium (pH 7.5) aerobically at 37 ºC with 1% NaCl. The

metals used were cadmium chloride, lead acetate and sodium

arsenate at a concentration of 50 µg ml-1 in each case. The

minimum inhibitory concentration (MIC), however, for

CdSP9 was 100 µg ml-1, and that of PbSP6 and AsSP9 were

400 µg ml-1 and 180 µg ml-1 respectively.  A single dose of 50

µg ml-1 was selected for all these studies because, the EC
50

for the rice cultivar (Oryza sativa var. satabdi) on which

these isolates were tested for their efficiencies of

bioremediation, was about 50 µg ml-1 (Pandey et al., 2013).

The minor variations were neglected for the simplicity of

the experiments.

Extraction of protein for enzymatic assays : A 10 ml culture

of each bacterial isolate of late log phase was harvested at

4 ºC at 5000 rpm for 6 min. The cell pellets were then washed

with 1× PBS (Phosphate Buffered Saline) and pelleted by

centrifugation under the same conditions and the pellets

were resuspended in the same buffer. The cells were

disrupted by sonication for 30 sec burst cycle for a total of

3 min with a 1 min cooling period after each burst using a

MSE Soniprep 150 ultrasonic disintegrator (MSE Scientific

Instruments, Sussex, UK) at 4 ºC. Cellular debris was

removed by centrifugation at 12000 × g for 15 min. The

supernatants were dialyzed against potassium phosphate

buffer and used for enzymatic assay (Lenártová et al., 1998).

The concentration of the protein extracts in all cases was

determined by the Bradford method (Bradford, 1976).

Measurement of superoxide dismutase (SOD) activity : The

SOD (EC 1.15.1.1) activities were determined by measuring

the photochemical reduction ability of nitroblue toluene

according to Dhindsa et al. (1981). The reaction mixture

contained 1 M Na
2
CO

3
, 200 mM methionine, 2.25 mM NBT,

3 mM EDTA, 60 mM riboflavin and 0.1 M phosphate buffer

(pH 7.8). Riboflavin was added last. The test tubes were

placed under 40 W fluorescent lamp at a distance of 30 cm

at 25 °C. After 30 min light was switched off and absorbance

was measured at 560 nm. The non-irradiated sample served

as control. One unit of SOD denotes the amount of enzyme

that inhibits the NBT photoreduction by 50%, and the

enzyme was quantified on the basis of the inhibition percent.

Malondialdehyde (MDA) assay : The MDA content was

estimated using the procedure of Heath and Packer (1968).

For determining MDA level in the bacterial isolates, 1 ml of

enzyme extract was obtained by sonication, to which 3 ml of

5% TCA (trichloroacetic acid) containing 1% TBA was

added and the mixture was heated in a hot water bath at 95

ºC for 30 min. The reaction mix was then recentrifuged at

5000 rpm for 5 min and the absorbance was measured at 532

and 600 nm in UV-VIS spectrophotometer (Simadzu 190,

Japan). The concentration was calculated from its extinction

co-efficient of 155�M-1 cm-1.

Determination of glutathione peroxidase (GSHPx) activity:

GSHPx (EC1.11.1.9) was measured by monitoring the

oxidation of NADPH at 340 nm as described by Flohé and

Günzler (1984). Hydrogen peroxide at a final concentration

of 3% was used as substrate. One unit of the enzyme is

defined as the amount of enzyme that catalyzes the formation

of 1 �mol of product per minute under assay conditions.

Determination of Catalase (CAT) activity : The CAT activity

was determined by measuring the rate of decrease in

absorbance at 240 nm of a solution of 12.5 mM H
2
O

2
 in 50 mM

K-phosphate (pH 7.0) at 30ºC (Luck, 1963). The amount of

enzyme per assay was adjusted so that the rate of the reaction

was linear for at least 2 min. One unit is defined as the amount

of enzyme catalyzing the decomposition of 1 µM of H
2
O

2
 per

minute calculated from the extinction coefficient of H
2
O

2
 at

240 nm of 0.036 cm2 µmol-1 (Luck, 1963).

To determine the exclusion of metals or the

metalloid due to precipitation or adsorption by any

component of the media or the vessel, we repeated the

above experiments without any bacterial inoculants.  For

this, the nutrient samples at initial (at 0 hr.) and final stages

(i.e. after three days of incubation) were collected and a 20

ml volume of each was digested with 5% conc. HNO
3
. The
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digestion was performed following USER001L method

(Instruction Manual, Perkin Elmer). After the digestions

and proper cooling the samples were analyzed in Atomic

Absorption Spectrophotometer (Model – AAnalyst 700

AAS of Perkin Elmer) in Graphite Furnace mode

(Instruction Manual, Perkin Elmer).

Statistics : All data were subjected to student’s t-test

analysis with significance level of P<0.05 using SPSS

software package.

Results and Discussion

The SOD activity of all the three strains increased

under Cd, Pb and As treatment with AsSP9 showing

maximum SOD activity of 0.740 U mg protein-1 (Fig. 1A).

The CAT activity showed a variable response in Cd

resistant Gram negative Ochrobactrum strain CdSP9 and

lead and arsenate resistant gram positive strains PbSP6 and

AsSP9 of Bacillus. In the gram negative CdSP9, the CAT

activity was very high as (34.34 U mg protein-1) compared

to the gram positive PbSP6 and AsSP9 (12.4 and 11.5 U mg

protein-1) under metal/metalloid treated conditions (Fig. 1B).

In fact these values were close to the untreated CAT activity

of CdSP9 (12.4 U mg protein-1)

It was interesting to note that the GSHPx activity

was just reverse to the CAT activity in these bacteria. The

GSHPx activity was higher where CAT activity was lower

and vice versa. The GSHPx activity in Cd resistant

Ochrobactrum strain CdSP9 (21.0 mU mg protein-1) was

much lower in comparison to the Pb resistant PbSP6 (136.6

mU mg protein-1) and As resistant AsSP9 (112.0 mU mg

protein-1) Bacillus sp. (Fig. 1C).

The MDA concentration which depends on the lipid

peroxidation activity was 45.161 �M in Gram negative CdSP9.

On the contrary, the MDA concentration did not increase in

both lead and arsenate resistant PbSP6 and AsSP9 Gram

positive strains (Fig. 1D).
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Table 1 shows the result of Atomic Adsorption

Spectroscopy that the initial concentration of 50 µg ml-1 for

each case (as the EC
50
 was 50 µg ml-1 for rice host, Pandey

et al., 2013) has been decreased to 44.216 µg ml-1 and 43.336

µg ml-1 in case of CdCl
2
 and Pb-acetate, respectively and

48.014 µg ml-1 in case of Na-arsenate, after 3 days of

incubation. It can be seen that the concentrations of

cadmium and lead salts have decreased to some extent but

that of arsenate it is negligible. It should be noted that,

these values are the actual concentrations to which the

inoculants have been exposed after a few days of incubation

even though the initial concentration was 50 µg ml-1.

Metals create physiological stress leading to the

generation of free radicals. In resistant organisms, stress

conditions may enhance protective processes such as

accumulation of compatible solutes and increase in the

activities of detoxifying enzymes. The first line of defense

against the generation of toxic oxygen species is the

induction of SOD activity (Lenártová et al., 1998). The SOD

has a crucial role of O
2

-. removal generated during stress

conditions (Camen and Roberto, 2011, Rosenfeldt et al.,

2013). In our investigation too, the SOD activity was found

to increase invariably in all the cases of metals/metalloid

treated conditions (Fig. 1A). Although there is not much

evidence regarding the metal induced SOD activity in

Ochrobactrum and Bacillus spp., there are reports in E.

coli (Hopkins, 1992) and Streptococcus bovis that the SOD

activity is enhanced under a variety of environmental

stresses (Lenártová et al., 1998). Increased SOD activity as

an antioxidant system has been reported in other bacteria

(Storz and Zheng, 2000) and algae (Okamoto et al., 2001).

The role of SOD activity in protection against heavy metal

induced oxidative stress has also been reported in a resistant

strain of E. coli, where it was found that SOD negative

mutants developed increased sensitivity to cadmium, nickel

and cobalt toxicity (Geslin et al., 2001).

The activities of CAT and GSHPx are interesting

because they showed a reciprocal activity in cadmium

resistant Ochrobactrum, and lead and arsenate resistant

Bacillus strains. Since both these enzymes are involved in

removing peroxidases, it seems likely that the function is

executed by catalase in Ochrobactrum whereas the same

role is being performed by glutathione peroxidase in Bacillus

sp. Increased catalase activity has also been reported in E.

coli by Finn (1975). But similar evidences are lacking in

case of gram positive bacteria. The low GSHPx activity in

Ochrobactrum is also in accordance with the report

(Pennincx and Elskens, 1993) that the major GSH producing

bacteria, viz the purple bacteria, E. coli and Cyanobacteria

lack any significant GSHPx activity. However, mercury

induced increased GSHPx activity has been noted in

Streptococcus bovis, a gram positive rumen bacterium

(Lenártová et al., 1998) and in trivalent arsenite oxidizing

strain of Pseudomonas putida as well (Goyer, 1991).

A considerable increase in MDA concentration in

metal treated Ochrobactrum strain reveals that free radical

generation is very high in this strain and the machinery to

remove it is not very efficient in this gram negative bacteria

as compared to the Bacillus strains. This may be linked

with the low glutathione peroxidase activity in gram negative

CdSP9. Although we do not find supportive evidence for

this hypothesis but data are available in plant system (Chaoui

et al., 1997) and in cyanobacteria Spirulina platensis where

MDA level increases under metal stress situation

(Choudhury et al., 2007).  They reported that MDA

production was highest for copper followed by zinc and

lead.

From the above studies, it may be concluded that

the activities of antioxidant enzymes viz. SOD, CAT, GSHPx

and lipoxygenase (in terms of MDA) increased under

cadmium, lead and arsenate treatment in the cadmium

resistant Ochrobactrum (CdSP9), lead resistant Bacillus

sp. (PbSP6) and arsenate resistant Bacillus sp. (AsSP9)

strains, respectively. It is well known fact that, ROSs are

generated under metal stress conditions. The metal

induced enhancements in the activity of these enzymes

in these metal resistant strains, however, protect the cells

from damage due to these ROSs.
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