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Abstract: During the course of routine metabolic activities of a cell, it produces different harmful
byproducts esp. reactive oxygen species. Superoxide dismutase (SOD; EC 1.15.1.1) is a cellular defense enzyme
that neutralizes these free radicals and protects the cell from deleterious effects and increases longevity. In the
present work, superoxide dismutase enzyme, purified from a thermophilic bacterium Bacillus licheniformis SPB-
13, was assessed for its antioxidative effect on HeLa cell lines. An experimental design was constructed in which
the animal cells were first of all exposed to an oxidative stress generated using chemical stressors like H2O2 and
Menadione, a vitamin K analogue. Then the MTT assay was performed to assess the cell viability in the
presence of high oxidative stress. In final experiment, the menadione preincubated HeLa cells were treated with
purified SOD and kept for an interval for detoxification of ROS. Viability assay was performed and it showed an
increase in cell viability by 65 % at a concentration of 30 μg/ml of SOD. This confirmed the antioxidative and
antiaging property of thermostable SOD from Bacillus licheniformis SPB-13. This potential can be harvested
by pharmaceutical industry for topical antiaging formulations.
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Introduction
The cells of every aerobic organism liberate cer-

tain oxygen species during metabolism that are
less reactive but due to some modification within
cell, these oxygen species become very reactive
and prove very harmful to amino acids, nucleic
acids and other entities of the cell. This harm ren-
ders these molecules defective and ultimately
leads to cell aging and necrosis. Superoxides also
wreak havoc by reacting with nitric oxide to form
peroxynitrite, another highly reactive molecule that
subsequently induces cellular and tissue injury.
Peroxynitrite is implicated in several diseases, in-
cluding stroke, Alzheimer’s, and atherosclerosis
2. This oxidative stress is generated when ROS
neutralizing mechanisms of cell go ineffective.
Superoxide dismutase, (SOD; EC 1.15.1.1) a

metallo enzyme, is one such significant system of
cell for free radical detoxification. It catalyzes the
dismutation of superoxide free radicals into oxy-
gen and hydrogen peroxide. Three classes of su-
peroxide dismutase have been reported so far on
the basis of metal cofactor attached to the en-
zyme. These include Cu/Zn, Fe/Mn and Ni SOD.
Cu/Zn SOD is mostly found in eukaryotes includ-
ing humans. Fe/Mn SOD is found in prokaryotes
and protists and Ni SOD is also found in prokary-
otes. Aging is the function of low SOD expres-
sion and activity. Researchers have tried to iso-
late SOD from different sources i.e. plants, ani-
mals and fungi 4,5,6. Prokaryotic sources have also
been explored for SOD isolation 7,8,9. The anti-
oxidative effect of SOD has been reported 1 but
no study has been conducted on examination of
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effect of purified microbial SOD on cell lines for
quantitiative determination of its antioxidative and
antiaging properties. This lacuna provided the base
for designing this piece of work.

The focus of present study was to establish the
correlation between SOD and cell survival in high
oxidative stress. Superoxide dismutase from a
thermophilic bacterium Bacillus licheniformis
SPB-13, isolated from thermal springs of west-
ern Himalayas, was purified to homogeneity and
its effect on animal cell lines was examined. The
simulation of animal model was achieved using
Hela cell line. The enzyme was serially purified
to homogeneity using ammonium sulphate precipi-
tation and anion exchange (DEAE- Sepharose)
chromatography and electrophoretic method was
used to confirm single band purification. Animal
origin HeLa cell line was used for the experimen-
tation in vitro. Oxidative stress was generated in
cell lines using chemical stressors like Menadi-
one and H2O2. Then, SOD induced cell viability
was checked in the presence of high oxidative
stress.

Materials and methods
Chemicals

Inorganic salts and media components were pur-
chased from HiMedia Ltd. (Mumbai, India) and
the chemicals used for protein purification were
purchased from Merck (Germany). Menadione
and hydrogen peroxide were purchased from
Sigma Aldrich (USA). The chemicals used were
molecular biology and electrophoresis grade.
RPMI-1640 culture medium was purchased from
Sigma Aldrich (USA) and penicillin-streptomycin,
amino acids, trypsin, and fetal bovine serum (FBS)
were obtained from Gibco, Thermo Fisher, (USA).
All other chemicals used in the experiments were
of analytical grade.

Culture of Bacillus licheniformis SPB-13
The culture of Bacillus licheniformis SPB-13

used in present work was isolated previously at
Department of Biotechnology, Himachal Pradesh
University, Shimla, India.

Superoxide dismutase (SOD)
The superoxide dismutase was isolated from

bacterial strain Bacillus licheniformis SPB-13
and purified to homogeneity using ammonium
sulpahte and DEAE sepharose ion exchange
chromatography. The enzyme activity was as-
sayed using NBT-NADH and PMS dye reduc-
tion method 10. The purified SOD with an enzyme
activity of 3966 U /mg, was used for antioxidative
experiment on cell lines.

Cell culture and treatment
Exponentially growing HeLa cells (human cer-

vical cancer) were procured from National Cen-
tre for Cell Science (NCCS) Pune, India. HeLa
cells were allowed to adhere for 48 h before put-
ting in experimental conditions. The cells were
cultured under a humidified 5 % carbon dioxide,
95 % air atmosphere at 37oC. The cell density
was maintained at lesser than 3x105 cells/ ml in
25 cm2 plastic tissue culture flasks with 10 ml of
RPMI-1640 culture medium supplemented with
10 % fetal calf serum.

Cell viability/cytotoxicity assay
Cytotoxicity/cell viability was determined using

the MTT assay 11. This assay is based on the
capability of mitochondrial enzyme succinate de-
hydrogenase of live cells to reduce the yellow
water soluble substrate 3-, 5-diphenyl tetrazolium
bromide (MTT) into an insoluble, purple coloured
product, formazon. This formazon is then mea-
sured spectrophotometrically. The formazon pro-
duction is directly proportional to viable cell num-
ber and inversely proportional to degree of cyto-
toxicity.

Evaluation of cytotoxicity of SOD
The cytotoxic effect of SOD was studied on

HeLa cells by the MTT method. The cells were
cultured in 96-well plates at a density of 1×104

cells per well at different concentration of SOD
(10, 20, 30 40, 50, 60, 70 μg/ml). After incubation
for 24 h, MTT dissolved in PBS was added to
each well at a final concentration of 5 mg/ml and
then incubated at 37°C and 5 % CO2 for 2 h. The
water insoluble formazan was dissolved in DMSO.
The optical density was measured by a micro plate
reader (Bio-Rad) at a wavelength of 570 nm and
IC50 value was obtained.
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Experimental setup for evaluation of anti-
oxidative property of SOD

To generate oxidative stress in mammalian cells,
two chemical stressors i.e. menadione and hy-
drogen peroxide were used. Individual cytotoxic-
ity (IC50) value was analyzed for each stressor.
The cells were cultured in 96-well plates at a den-
sity of 1×104 cells per well at different concentra-
tion of menadione and H2O2 (10, 20, 30, 40, 50,
60, 70 μM). Cell density was kept low in order to
avoid the effect of media starvation. After incu-
bation for 24 h, MTT dissolved in PBS was added
to each well at a final concentration of 5 mg/ml
and then incubated at 37°C and 5 % CO2 for 2 h.
The formazan was dissolved in DMSO and the
absorbance was measured by a micro plate reader
(Bio-Rad) at a wavelength of 570 nm. For final
experiment, stressor exhibiting good cytotoxicity
value was chosen. Then we hypothesized that free
radicals generated by menadione will be scavenged
by SOD and it will lead to increase in cell viabil-
ity. So for that, cells were cultured in 96-well plates
at a density of 1×104 cells per well and pretreated
with menadione (20 μM) for 4 hours. After incu-
bation for 4 h, SOD was added at concentration
less then IC50 value i.e. 25 μg/ml and incubated
for 24 hours. MTT dissolved in PBS was added
to each well at a final concentration of 5 mg/ml
and then incubated at 37°C and 5 % CO2 for 2 h.
The water insoluble dark blue formazan was dis-
solved in DMSO. The optical density was mea-
sured by a micro plate reader (Bio-Rad) at a

wavelength of 570 nm. The increase or decrease
in cell density before and after the SOD treat-
ment was seen and cell viability was observed.

Results
Assessment of cytotoxic effect of SOD

The cytotoxic effect of SOD was studied on
HeLa cells by the MTT method. Briefly, the cells
were cultured in 96-well plate at a density of 1×104

cells per well at different concentration of SOD
(10, 20, 30 40, 50, 60, 70 μg/ml). ). After incuba-
tion for 24 h, MTT dissolved in PBS was added
to each well at a final concentration of 5 mg/ml
and then incubated at 37°C and 5 % CO2 for 2 h.
After two hours, optical density was checked at
570 nm and it showed the IC50 value of SOD as
30 μg/ml (Fig. 1).

Effect of SOD on cell viability
The cytotoxic effect of chemical stressors i.e.

H2O2 and menadione was studied on HeLa cells
by the MTT method. The IC50 value of H2O2 and
menadione was found to be 70 μM and 30 μM
respectively (Fig. 2a & b). Menadione proved to
be best oxidative stress generator among two. For
analysis of effect of SOD on mammalian cell lines,
the cells were cultured in 96-well plates at a den-
sity of 1×104 cells per well and pretreated with
menadione (20 μM). After incubation for 4 h, SOD
was added at concentration less than IC50 value
i.e. 25 μg/ ml and incubated for 24 hours. MTT
dissolved in PBS was added to each well at a

Fig. 1. Assessment of IC50 value of SOD
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final concentration of 5 mg/ml and then incubated
at 37°C and 5 % CO2 for 2 h. The water insoluble
dark blue formazan was dissolved in DMSO. The
optical density was measured at 570 nm and it
showed that SOD prevented the cell death till a
concentration of 40 μg/ml but at higher concen-
tration, it showed saturation of antioxidant effect
of SOD. Maximum free radical scavenging ac-
tivity was shown at 30 μg/ml (Fig. 3).

Discussion
Superoxide dismutase causes the neutralization

Fig. 2a. Assessment of IC50 value of H2O2

Fig. 2b. Assessment of IC50 value of menadione

of reactive oxygen species and prevents the cells
of the organisms from oxidative damage. In the
present piece of research work, we tried to evalu-
ate the antioxidative effect of thermostable Fe/
Mn SOD isolated from thermophilic bacterium
Bacillus licheniformis SPB-13. The mammalian
origin HeLa cell line was used for experimental
purpose. Chemical stressors like menadione and
H2O2 were used to induce oxidative stress and
cell survival in oxidative stress was observed.
Then the cell viability of HeLa cells was checked
after SOD treatment was given to the cells. We
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Fig. 3. Assessment of free radical scavenging activity of SOD

found that there was a maximum of 65 % increase
in cell survival after the SOD was added to grow-
ing HeLa cells. Maximum cell viability was seen
at a concentration of 30 μg/ml of SOD added and
for 40 μg/ml, there was a slight decrease in cell
viability and at higher concentrations of SOD, rate
of cell survival decreased. In one study, SOD from
garlic was checked for this property and it showed
only non significant difference in cell viability be-
fore and after SOD treatment  3. Counted together,
the above investigation indicates that the thermo-
stable SOD purified from Bacillus licheniformis
SPB-13 modulates the levels of harmful superox-
ide anions and hydroxyl radicals. But the exact
mechanism of working of SOD is not clear
whether it enters the cell or acts from outside the
cell.

Apart from this lacuna, the present piece of
work vividly shows the antioxidative role of SOD
in body cells and it functions in increasing the lon-
gevity of the organism. This property coupled with
thermostable nature of SOD from Bacillus

licheniformis SPB-13 can be used by pharma-
ceutical industry for antiaging formulations.

Conclusion
The results of in-vitro experimentation of

antioxidative nature of SOD from Bacillus
licheniformis SPB-13 performed on mammalian
origin HeLa cell line clearly show that SOD in-
creases the cell survival by 65 % at a concentra-
tion of 30 μg/ml. This property holds an immense
potential for the use of SOD in pharmaceutical
industry as an antiaging formulation.
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