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Activity and kinetic properties of superoxide 
dismutase of the SULFATE-REDUCING BACTERIA 

Desulfovibrio piger Vib-7 
and  desulfomicrobium sp. Rod-9

The aim of our work was to study superoxide dismutase activity of cell-free extracts of 
Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9 isolated from the human 
large intestine and to carry out the analysis of the enzyme reaction kinetic proper-
ties. Methods. Microbiological, biochemical, biophysical methods, and methods of 
statistical processing of the results were used. Results. Specific activity of superoxide 
dismutase from the sulfate-reducing bacteria was studied. The influence of different 
temperature, pH and substrate concentration on the activity of studied enzymes was 
showed. The analysis of the kinetic properties of the superoxide dismutase in the bacte-
rial strains, based on experimental data, was carried out. The initial (instantaneous) 
reaction rate (V0), maximum rate of the enzyme reaction (Vmax), and Michaelis constants 
(Km) of the superoxide dismutase reaction for both strains was calculated. Conclusion. 
The kinetic parameters of superoxide dismutase reaction in both bacterial strains 
were not statistically different. The obtained data on optimum of pH (7.5–9.5) on the 
activity of the enzyme were consistent to the environment conditions of the human 
large intestine. These conditions can provide the intensive growth of the bacterial 
strains, process of the dissimilatory sulfate reduction and, thus, the accumulation of 
hydrogen sulfide in the gut. 

K e y  w o r d s :  sulfate-reducing bacteria, superoxide dismutase activity, kinetic 
properties.

Superoxide dismutase is considered to be an important enzyme in protection 
of aerobes against oxidant damage, and increased tolerance to oxidant stress is as-
sociated with induction of this enzyme. The superoxide dismutase eliminates O −

2  
by dismutation to H2O2 and O2. The presence of superoxide dismutase activity in 
anaerobic bacteria has been demonstrated for the first time in D. desulfuricans and 
Desulfotomaculum nigrificans [4, 5]. The studied sulfate-reducing bacteria carry out 
dissimilatory sulfate reduction to hydrogen sulfide [13]. These bacteria are strictly 
anaerobic microorganisms and they are present in anoxic environments with high 
sulfate concentrations [12]. The aerobic conditions inhibit dissimilatory sulfate re-
duction in the most of the sulfate-reducing bacteria [2]. They can grow using sulfate 

© Ivan V. Kushkevych, Halyna L. Antonyak, Roman V. Fafula, 2014



27

АКТИВНІСТЬ І КІНЕТИЧНІ ВЛАСТИВОСТІ СУПЕРОКСИДДИСМУТАЗИ  ...

ISSN 2076–0558. Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ. 2014. № 4. С. 26–35

only in the absence of molecular oxygen. Such anaerobic conditions are available 
in the intestine of humans and animals [12]. 

In the previous researches it has been shown that studied Desulfovibrio piger 
Vib-7 and Desulfomicrobium sp. Rod-9 strains can accumulate hydrogen sulfide and 
acetate in the human intestine. These compounds are cytotoxic and carcinogenic to 
intestinal cells, they can cause inhibition of cytochrome oxidase, oxidation processes 
butyrate by colonocytes, destruction of epithelial cells, develop ulcers, inflamma-
tion with subsequent development of colon cancer [2, 12]. In view of the facts, it is 
interesting to study one of the antioxidant systems of the isolated anaerobic bacterial 
strains. The data about superoxide dismutase activity and the kinetic properties of the 
enzyme of sulfate-reducing bacteria Desulfovibrio piger Vib-7 and Desulfomicrobium 
sp. Rod-9 isolated from the human large intestine have never been well-characterized 
and has not been studied yet. 

The aim of our work was to study superoxide dismutase activity of cell-free 
extracts of the sulfate-reducing bacteria Desulfovibrio piger Vib-7 and Desulfomicro-
bium sp. Rod-9 isolated from the human large intestine and to carry out the analysis 
of the kinetic properties of the enzyme reaction. 

Materials and methods
The objects of the study were the strains of the sulfate-reducing bacteria De-

sulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9 isolated from the human 
large intestine [13, 14].

Bacterial growth and cultivation. The bacteria were grown in nutrition modi-
fied Kravtsov-Sorokin’s liquid medium [13]. The sterile 10N solution of NaOH 
(0.9 ml/l) was used to provide the final pH 7.2 in the medium. The medium was 
heated in boiling water for 30 min in order to obtain an oxygen-free system, and 
cooled to +30 °C temperature. The bacteria were grown for 72 hours at +37°C under 
anaerobic conditions. The tubes were brim-filled with medium and closed to provide 
anaerobic conditions. 

Obtaining cell-free extracts. The cells were collected at the beginning of the 
stationary phase, suspended at +4 °C in buffer containing ���������������������50 mM potassium phos-
phate buffer (pH 7.5) and 10-5M EDTA (ethylenediaminetetraacetic acid) to bind 
heavy metal ions. 10-5M PMSF (phenylmethylsulfonyl fluoride), functioning at a pH 
higher 7.0, was added for inhibition of proteases. After that, a suspension of cells 
(50–100 mg/ml) was obtained. The cells were homogenized using the ultrasonic 
disintegrator at 22 kHz for 5 minutes at 0 ºC to obtain the cell-free extracts. The 
extracts were centrifuged at +4 °C for 10 min at 15,000 × g; the pellet was then used 
as sedimentary fraction, and the supernatant obtained was termed the soluble frac-
tion. This extract was subjected to further centrifugation at 180,000 × g for 1 h to 
totally eliminate the membrane fraction. A clear supernatant, containing the soluble 
fraction, was then used as the cell-free extract. Protein concentration in the cell-free 
extracts was determined by the Lowry method [15].

Measuring superoxide dismutase activity. The activity of superoxide dismutase 
is determined based on inhibition of nitroblue tetrazolium (NBT) reduction in the 
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presence of NADH and phenazine methosulfate (PMS). The incubation mixture con-
tained 1 µl EDTA (10-5M), 1 mg of gelatin (10% solution), 0.3 ml NBT (0.407 mM), 
0.1 ml PMS (1.8 µM), 0.1 ml of 1 mM NADH. The supernatant was added to the 
incubation mixture in a volume of 0.1 ml that causes the inhibition NBT reduction. 
The total volume of the incubation mixture to general 3 ml was adjusted by 0.15 
M phosphate buffer (pH 7.8). The control samples contained the same components 
except the supernatant, there was added the same amount of buffer in the tube. The 
launch of the reaction occurs by adding 0.1 ml of NADH (1 mM) in the experimen-
tal and control samples. The incubation was carried out for 10 min in the darkness 
at room temperature. Optical density of experimental and control samples was 
determined on a spectrophotometer (Biospectrophotometer, Eppendorf, USA) at a 
wavelength of 540 nm [3].

Kinetic analysis. The study of the kinetic properties of the enzyme reaction was 
carried out in a standard incubation medium, modified by physical and chemical 
characteristics or the relevant components (the incubation time, substrate concen-
tration, temperature and pH). The kinetic parameters characterizing the product 
accumulation (NADH-phenazine methosulfate nitroblue tetrazolium formazan) are 
initial (instantaneous) reaction rate (V0), maximum rate of the reaction (Vmax), maxi-
mum amount of the reaction product (Pmax) and characteristic reaction time (time 
half saturation, τ) was determined. The kinetic parameters characterizing ��������superox-
ide dismutase reactions are Michaelis constant (Km) and maximum reaction rate of 
product formation were determined by Lineweaver-Burk plot [10]. The dependence 
of the rate of product formation on the substrate concentration was constructed in 
the coordinates {1/V on 1/S}, where S is the concentration of the substrate, and V 
is the rate of product formation at a substrate concentration. 

Statistical analysis. Kinetic and statistical calculations of the results were carried 
out using the MS Office software and OriginPro 8.0 computer programs. The research 
results were treated by the methods of variation statistics using Student t-test. The 
equation of the straight line that the best approximates the experimental data was 
calculated by the method of the least squares. The absolute value of the correlation 
coefficient r was from 0.90 to 0.99. The statistical significance of the parameters 
was tested by the Fisher’s F-test. The accurate approximation was when P≤0.05 [1]. 

Results and Discussion
The activity of superoxide dismutase in the different fractions including cell-free 

extract, soluble, and sedimentary was studied (Table 1). Our results have demonstrated 
that the highest level of the enzyme activity was in cell-free extracts (1326.43  ± 
142.76 and 1120.72 ± 88.56 U × mg-1 protein for D. piger Vib-7 and Desulfomi-
crobium sp. Rod-9, respectively). Considerably less activity was measured in the 
soluble fraction compared to the cell-free extracts. The lowest superoxide dismutase 
activity was found in sedimentary fraction, it the values equal to 125.27  ± 15.13 and 
99.55 ± 8.92 U × mg-1 protein. 
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Table 1
Superoxide dismutase activity in the different fractions prepared from  Desulfovibrio 

piger Vib-7 and Desulfomicrobium sp. Rod-9 cells

Fractions
Superoxide dismutase activity (U × mg-1 protein)

Desulfovibrio piger Vib-7 Desulfomicrobium sp. Rod-9

Cell-free extract 1326.43 ± 142.76 1120.72 ± 88.56

Individual fractions:

soluble 889.76 ± 77.12 741.62 ± 67.69

sedimentary 125.27 ± 15.13 99.55 ± 8.92
Comment: Enzyme activity is determined at ten-minute incubation. 

From the literature data it is known that the activity of all enzymes depends on 
temperature and pH [4, 5]. That’s why, the next our task was to determine the activity 
of the studied enzyme in the cell-free extracts under the influence of temperature and 
pH (Fig. 1). The maximum superoxide dismutase activity for both bacterial strains 
was determined at +30 ºC temperature. An increase or decrease in the temperature of 
incubation led to a decrease of the enzyme activity in the cell-free bacterial extracts. 

Fig. 1. Effect of temperature and pH on superoxide dismutase activity  
in cell-free extracts of Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9.

The intestinal sulfate-reducing bacteria can grow, dissimilating sulfate, in the 
human gut at pH 8.0...9.0. The influence of this factor on superoxide dismutase ac-
tivity of intestinal sulfate-reducing bacteria has not been studied yet. The рН values 
were slightly expanded and the superoxide dismutase activity was determined over 
a wide pH range from 5 to 10. The enzyme activity was maximum under pH range 
from 7.5–9.5. The highest activity was measured in the cell-free extracts of D. piger 
Vib-7 at pH 8.0 and Desulfomicrobium sp. Rod-9 at pH 8.5.

To study the characteristics and mechanism of superoxide dismutase reaction, 
the initial (instantaneous) reaction rate (V0), maximum rate of the reaction (Vmax), 
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maximum amount of reaction product (Pmax) and reaction time ( τ ) were defined. 
The dynamic of the product formation in the cell-free extracts to study the kinetic 
superoxide dismutase reaction was investigated (Fig. 2). 

Our experimental data showed that the kinetic curves of superoxide dismutase 
reaction have tendency to saturation (Fig. 2A). Analysis of the results allows to reach 
the conclusion that the kinetics of superoxide dismutase activity in cell-free extracts 
of the studied bacteria was consistent to the zero-order reaction in the range of 0–60 
sec (the graph of the dependence of product on the incubation time was almost linear 
in this interval of time). Therefore the duration of the incubation of bacterial cells 
extracts was 60 sec in subsequent experiments. 

The amount of product in the superoxide dismutase reaction from D. piger Vib-
7 was higher compared to Desulfomicrobium sp. Rod-9 in the entire range of time 
factor. The basic kinetic properties of superoxide dismutase reaction in the cell-free 
extracts of the sulfate-reducing bacteria were calculated by linearization of the data 
in {P/t; P} coordinates (Fig. 2B, Table 2).

Fig. 2. Kinetic parameters of the superoxide dismutase activity in cell-free extracts
A – dynamics of product accumulation (M ± m, n = 3); B – linearization of the curves of the 
product formation in {P/t; P} coordinates (n = 3; R2 > 0.9; F < 0.02); C – the effect of substrate 
concentration on superoxide dismutase activity (M ± m, n = 3); D – linearization of concentration 
curves, shown in fig. 2C, in the Lineweaver-Burk plot, where V is the rate of superoxide dismutase 
reaction and S is substrate concentration (n = 3; R2 > 0.95; F < 0.005).
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The kinetic parameters of superoxide dismutase reaction in cell-free extracts 
of D. piger Vib-7 and Desulfomicrobium sp. Rod-9 were not statistically different. 
The values of initial (instantaneous) rate (V0) for superoxide dismutase reaction in 
both bacterial strains were calculated by the maximal amount of the product reaction 
(Pmax). As shown in Table 2, V0 for superoxide dismutase was higher in the cell-free 
extracts of D. piger Vib-7 (0.0086 ± 0.00073 μmol/s × mg-1 protein) compared to 
Desulfomicrobium sp. Rod-9 (0.0069 ± 0.00055 μmol/s × mg-1 protein). Based on 
these data, we suppose that the D. piger Vib-7 bacterial cells can be more resistant 
to molecular oxygen effect compared to Desulfomicrobium sp. Rod-9 cells.

Table 2
Kinetic parameters of the product formation in cell-free extracts of Desulfovibrio piger 

Vib-7 and Desulfomicrobium sp. Rod-9

Kinetic parameters
Sulfate-reducing bacteria

Desulfovibrio piger Vib-7 Desulfomicrobium sp. Rod-9

V0 (μmol/s × mg-1 protein) 0.0086 ± 0.00073 0.0069 ± 0.00055

Pmax (μmol × mg-1 protein) 0.503 ± 0.045 0.473 ± 0.037

τ  (seconds) 58.579 ± 5.22 69.493 ± 7.12

Comment: V0 is initial (instantaneous) reaction rate; Pmax is maximum amount (plateau) of the 
product of reaction; τ  is the reaction time (half saturation period). Statistical significance of the 
values M ± m, n = 3.

The k����������������������������������������������������������������������inetic analysis of ���������������������������������������������������superoxide dismutase������������������������������� ������������������������������reaction depending on the sub-
strate concentration was carried out. According to the obtained results, the product 
formation increasing in the concentrations range from 0.1 until 0.5 mM provided a 
monotonic increase of studied enzyme activity and its output to the plateau (Fig. 2C). 
Curves of the dependence {1/V; 1/[S]} were different by tangent slope and intersect 
the vertical axis in one point (Fig. 2D). The basic kinetic parameters of superoxide 
dismutase reaction in cell-free extracts of D. piger Vib-7 and Desulfomicrobium 
sp. Rod-9 was identified by linearization of the data in the Lineweaver-Burk plot 
(Table 3).

Table 3
Kinetic parameters of the product formation in the cell extracts depending  

on  substrate concentration in the incubation medium 

Kinetic parameters
Sulfate-reducing bacteria

Desulfovibrio piger Vib-7 Desulfomicrobium sp. Rod-9

Vmax (μmol/s × mg-1 protein) 1666.67 ± 174.92 833.33 ± 88.54**

Km (mM) 0.833 ± 0.071 0.750 ± 0.068

Comment: Vmax is maximum rate of the enzyme reaction; Km is Michaelis constant which was 
determined by substrate. Statistical significance of the values M ± m, n = 3; **P<0.01, compared 
to the Desulfovibrio piger Vib-7 strain.
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The Km values are in millimolar concentration range which is consistent with 
similar constants from the literature data [8]. Calculation of the kinetic parameters of 
superoxide dismutase reaction indicates that the maximum rate (Vmax) of the product 
formation in the cell-free extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-
9 was statistically different (P < 0.01). However, the Michaelis constants (Km) of 
superoxide dismutase reaction in the cell-free extracts of both bacterial strains were 
close to each other: 0.833 ± 0.071 and 0.750 ± 0.068 mM for D. piger Vib-7 and 
Desulfomicrobium sp. Rod-9, respectively. The Km was slightly different in values 
while Vmax was significantly different (in 2.0 times) for the both bacterial strains.

Thus, based on the obtained studies results and according to the kinetic param-
eters of the superoxide dismutase reaction determined for both bacterial strains, we 
concluded that the D. piger Vib-7 was more resistant to the action of molecular oxygen 
compared to Desulfomicrobium sp. Rod-9. The activity of superoxide dismutase, V0 
and Vmax was significantly higher in the D. piger Vib- 7 cells than Desulfomicrobium 
sp. Rod-9. According to these data, Desulfomicrobium sp. Rod-9 strain can be more 
sensitive. Probably, this sensitivity makes impossible for survival of studied bacteria 
in environmental conditions where the effect of molecular oxygen is toxic. Therefore, 
the bacteria of Desulfomicrobium genus is less isolated from feces of humans and 
animals compared to the Desulfovibrio bacteria.

It is well known that sulfate-reducing bacteria are strict anaerobes, their growth 
is suppressed by low concentrations of O2 caused not only by generation of reactive 
oxygen species but also by its competition with SO4

2− as an acceptor of electrons [9]. 
The results of our study are consistent to previous kinetic constants that characterize 
the enzymes activity of antioxidant systems of various microorganisms [8]. However, 
many sulfate reducers are aerotolerant. Moreover, in some Desulfovibrio (D. vul-
garis and D. desulfuricans) O2 is reduced to water during respiration [7, 16]. The 
Desulfovibrio strains generally exhibit O2 reduction rates comparable to those of 
aerobes, but these rates often decrease by increasing the O2 concentration and slow 
down after repeated oxygen additions [4, 5, 6, 11]. 

In summary, the highest activity of superoxide dismutase in cell-free extract 
of the intestinal strains D. piger and Desulfomicrobium sp. was measured for the 
first time. The maximal enzyme activity for both bacterial strains was determined 
at +30 ºC. The optimum pH 8.0 and pH 8.5 for activity of the studied enzyme was 
measured in cell-free extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-9, 
respectively. The obtained data on optimal pH on ���������������������������������activity of the enzyme is consis-
tent to conditions of the human large intestine where range of pH is 8.0...9.0. Such 
conditions can provide the intensive growth of the bacterial strains, dissimilatory 
sulfate reduction and, respectively, accumulation of hydrogen sulfide in the gut. 
The superoxide dismutase activity, V0 and Vmax was higher in the D. piger Vib- 7 
cells than Desulfomicrobium sp. Rod-9. These studies might help in predicting the 
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development of diseases of the gastrointestinal tract, by providing further details on 
the etiology of bowel diseases which are very important for the clinical diagnosis of 
these disease types. Understanding the role of sulfate-reducing bacteria in colonic 
conditions would be enhanced by the ability to inhibit the number of the sulfate-
reducing bacteria and/or reduce the production of sulfide.
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АКТИВНІСТЬ І КІНЕТИЧНІ ВЛАСТИВОСТІ 
СУПЕРОКСИДДИСМУТАЗИ СУЛЬФАТВІДНОВЛЮВАЛЬНИХ 

БАКТЕРІЙ DESULFOVIBRIO PIGER VIB-7 ТА 
DESULFOMICROBIUM SP. ROD-9

Реферат

Метою роботи було дослідження активності супероксиддисмутази 
безклітинних екстрактів Desulfovibrio piger Vib-7 і Desulfomicrobium sp. Rod-
9, виділених з товстого кишечника людини, і проведення аналізу кінетичних 
властивостей ензиматичної реакції. Методи. Використано мікробіологічні, 
біохімічні, біофізичні методи досліджень і методи статистичної обробки 
результатів. Результати. Досліджено питому активність супероксиддисмута-
зи сульфатвідновлювальних бактерій. Показано вплив різної температури, рН 
та концентрації субстрату на активність досліджуваного ензиму. На основі 
експериментальних даних, проведено аналіз кінетичних властивостей суперок-
сиддисмутази досліджуваних бактеріальних штамів. Розраховано початкову 
(миттєву) швидкість реакції (V0), максимальну швидкість ензиматичної реакції 
(Vmax), і константи Міхаеліса (Км) реакції супероксиддисмутази для обох штамів. 
Висновок. Кінетичні параметри реакції супероксиддисмутази обох штамів 
бактерій статистично не відрізнялися. Отримані дані про вплив оптимуму рН 
(7,5–9,5) на активність ферменту узгоджуються зі значенням рН у товстому 
кишечнику людини. Ці умови забезпечують інтенсивний ріст бактеріальних 
штамів, процес дисиміляційного відновлення сульфату і, відповідно, накопичення 
гідроген сульфіду у кишечнику.

К л ю ч о в і  с л о в а :  сульфатвідновлювальні бактерії, активність супероксид-
дисмутази, кінетичні властивості.
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АКТИВНОСТЬ И КИНЕТИЧЕСКИЕ СВОЙСТВА 
СУПЕРОКСИДДИСМУТАЗЫ СУЛЬФАТВОССТАНАВЛИВАЮЩИХ 
DESULFOVIBRIO PIGER VIB-7 И DESULFOMICROBIUM SP. ROD-9

Реферат

Целью работы было исследовать активность супероксиддисмутазы бес-
клеточных экстрактов Desulfovibrio. piger Vib-7 и Desulfomicrobium sp. Rod-9, 
выделенных из толстого кишечника человека и провести анализ кинетических 
свойств энзиматической реакции. Методы. Использованы микробиологические, 
биохимические, биофизические методы исследований и методы статистиче-
ской обработки результатов. Результаты. Исследована удельная активность 
супероксиддисмутазы сульфатвосстанавливающих бактерий. Показано влияние 
разной температуры, рН и концентрации субстрата на активность исследуе-
мого фермента. На основе экспериментальных данных проведен анализ кинети-
ческих свойств супероксиддисмутазы исследуемых бактериальных штаммов. 
Рассчитана начальная (мгновенная) скорость реакции (V0), максимальная 
скорость энзиматической реакции (Vmax) и константа Михаэлиса (Км) реакции 
супероксиддисмутазы для обоих штаммов. Вывод. Кинетические параметры 
реакции супероксиддисмутазы обоих штаммов бактерий статистически не от-
личались. Полученные данные о влиянии оптимума рН (7,5–9,5) на активность 
фермента согласуются со значением рН в толстом кишечнике человека. Такие 
условия обеспечивают интенсивный рост бактериальных штаммов, процесс 
диссимиляционного восстановления сульфата и, соответственно, накопление 
гидроген сульфиду в кишечнике.

К л ю ч е в ы е  с л о в а :  сульфатвосстанавливающие бактерии, активность 
супероксиддисмутазы, кинетические свойства.
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