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New strains of sulfate-reducing bacteria were obtained from human intestine. These 
bacteria are vibrio-like (strains SRB Vib-1, SRB Vib-2, SRB Vib-3) and short rod-like 
(strains SRB Rod-4 and SRB Rod-5) forms. Growth of these strains of bacteria, usage 
of sulfates by bacteria and their production of hydrogen sulfide were studied. The strains 
of sulfate-reducing bacteria SRB Vib-1, SRB Vib-2, SRB Vib-3 more intensively accu-
mulate biomass compared with strains SRB Rod-4 і SRB Rod-5. The SRB Vib-1 and 
SRB Vib-2 strains grow most intensively. Accumulation of bacterial biomass (3.8 g/l) is 
the highest on the third day of cultivation, and after that a stationary growth phase be-
gan. The SRB Vib-3 strain of bacteria accumulates 2.89 gram per liter of biomass on the 
third day of bacteria cultivation. Maximal biomass of SRB Rod-4 and SRB Rod-5 bacte-
ria strains ranged from 2.59 to 3.25 gram per liter on the eighth day of cultivation. The 
obtained sulfate-reducing bacteria intensively use sulfate ions and produce hydrogen 
sulfide. The SRB Vib-1, SRB Vib-2, SRB Vib-3 strains produce from 2.99 mM to 3.12 
mM of hydrogen sulfide. The rod-shaped strains of sulfate-reducing bacteria use sulfate 
ions and produce hydrogen sulfide less intensively in the presence of sulfates.

Keywords:	 sulfate-reducing bacteria, Desulfovibrio, Desulfomicrobium, sulfates, 
hydrogen sulfide, bowel diseases, ulcerative colitis, intestinal micro-
biocenosis.

INTRODUCTION 
Sulfate-reducing bacteria belong to normal intestinal flora in human [2, 5]. The 

number of these microorganisms depends on the composition and quality of the food 
consumed by human [3, 6, 7, 12]. An excessive use of sulfates in diet leads to an in-
crease in number of sulfate-reducing bacteria (SRB). Dissimilatory sulfate reduction by 
the SRB and the formation of hydrogen sulfide in the intestinal lumen can cause a vari-
ety of inflammatory processes [3, 5, 13].

Ulcerative colitis is one of the most common acute inflammatory human bowel disea
ses [21, 24, 25, 27]. Active agents of the disease have not been profoundly studied. Per-
haps, development of this disease depends on human nutrition, as well as the qualitative 
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and quantitative composition of the intestinal microflora [2, 7, 16]. Active agents of the 
ulcerative colitis and inflammatory bowel may be sulfate-reducing bacteria. Different 
ratios and the number of sulfate-reducing bacteria were established in the intestinal 
microflora of people living in different geographical areas [7, 19, 25, 27]. 

It is very important to obtain new strains of the SRB from different people, identifying 
them, and studying their growth, physiological and biochemical properties, processes of 
dissimilatory sulfate reduction, and the production of hydrogen sulfide by these bacteria, 
to clarify the etiological role of these bacteria in pathogenesis of various diseases. 

Studies on growth, dissimilatory sulfate reduction and the production of hydrogen 
sulfide by new strains of SRB, isolated from intestine of everyone, will help better under
standing the mechanisms of sulfate reduction in human intestine of each individual, and 
also trophic interactions of these bacteria with other microorganisms of the intestine. Data 
on the number of hydrogen sulfide produced by the isolates is supposed to help in estab-
lishing and assessing a toxicity effect of hydrogen sulfide for epithelial cells of the human 
intestine, isolated by the bacteria. Such studies will help in predicting a possibility of na-
scence of disease. It will help to get more details of etiology of bowel disease. It is very 
important for clinical diagnosis of the diseases. Such studies are not conducted in Ukraine.

The aim of our research was to obtain the sulfate-reducing bacteria from colon feces 
healthy people, investigate growth of the obtained microorganisms, and study of dis-
similatory sulfate reduction and production of hydrogen sulfide by these bacteria.

MATERIALS AND METHODS 
The objects of our studies were isolates of sulfate-reducing bacteria obtained from 

feces of human large intestine at the Microbiology, Virology and Immunology Depart-
ment of Danylo Halytsky Lviv National Medical University.

First task of our study was to obtain biological material from healthy human. One 
gram of feces was suspended in 9 ml of liquid medium. Before, the medium was heated 
in boiling water for 30 min to obtain an oxygen-free medium, and cooled to +25°C tem-
perature. The collected material was then seeded into nutritional liquid medium of such 
composition (g/l) [10]: Na2SO4 – 0.5; KH2PO4 – 0.3; K2HPO4 – 0.5; (NH4)2SO4 – 0.2; 
NH4Cl – 1.0; CaCl2×6H2O – 0.06; MgSO4×7H2O – 0.1; C3H5O3Na – 2.0; yeast extract – 
1.0; FeSO4×7H2O – 0.004; sodium citrate×2H2O – 0.3.

Before bacteria seeding in medium 10 ml/l of sterile More salt solution [(NH4)
SO4Fe(SO4)2×6H2O] (10%) and 0.05 ml/l of sterile solution of Na2S×9H2O (1%) were 
added. To provide pH 7.2 of medium used sterile 10N solution of NaOH (0.9 ml/l).The 
bacteria were grown for 10 days at +37°C under anaerobic conditions. The tube was 
brim-filled with medium and closed by rubber plug to provide anaerobic conditions. 

In frames of the second task, we performed reseeding of received biomass onto 
Petri’s plates with nutritional solid medium to obtaining pure culture. Anaerobic condi-
tions were provided with usage of oxygen uptake generators which were placed in the 
anaerobic box. To be sure that the selected microorganisms belong to the sulfate-reduc-
ing bacteria, we selected large and small colonies from each Petri’s plates and resus-
pended these colonies in sterile saline (0.9% solution of NaCl). After that, we reseeded 
the resuspended bacteria in the standard medium containing a sulfate (concentration 
3.5 mM), and in the same medium without sulfate ions.

To determine an ability of the bacteria to sporulation, we selected two types  
of these colonies resuspended them in a liquid medium, and withstand at +80°C for  
10 min after thir seeding in the medium. 
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We examined biomass accumulation by different strains of sulfate-reducing bacte-
ria by photometric method (nutritional medium was without More salt) [4]. 

The sulfate ions and hydrogen sulphide concentrations were determined by the 
turbidymetric method [1, 11].

For electron microscopy studies, the bacterial cells were washed with 0.9% NaCl 
and precipitated by centrifugation at 17696 g for 15 min. Intact cells were fixed in 1.5% 
aqueous solution of KMnO4 at ambient temperature (+20°C) for 20 min. Postfixation 
was performed using 1% OsO4 in cacodylate buffer at 0°C for 90 min. Fixed cells were 
washed, dehydrated in solutions with increasing concentrations of ethanol and propyl-
ene oxide. Samples were transferred in epoxy resin Epon 812. Ultrathin sections were 
done by ultramicrotome UMTP-6 and they were contrasted by lead citrate as described 
by Reynolds [23].

Photographs of the samples were taken under electronic transmission microscope 
UEMV-100B and PEM-100 at accelerating voltage of 75 kV. Final increase of the micro-
graphs was ×15 000. Performance increase of the electron microscope was with an 
accuracy of ±5%.

Measuring of the cell size was performed on the positive reflected from the negative. 
Size increase and very small structures were measured on a larger footprint [26]. The 
marking lines were put on the positive, and the negative was retained for making addi-
tional prints. In parallel, measuring of the printout was performed, and possible errors in 
determining the photographed positive increase were taken into account. In the process 
of elaboration, the reflection may be slightly reduced in size (compressed). For measuring 
large objects (cells), an accurate gauge ruler graduated in 0.5 mm was used. For measu
ring small parts, we used special meter with magnifying glass and netting.

The basic statistic parameters (M – arithmetic average, m – standard error of the 
arythmetic average, M±m) were calculated using the experimental data. For estimation 
of the validity of difference between the statistical characteristics of the data, Student’ 
index was calculated. The difference was valid when P>0.95 [14]. Statistical processing 
of the results was performed using Excel and Origin programs [9].

RESULTS AND DISCUSSION 
The results of our study showed that the isolated colonies on solid nutrition medium 

with More salt were identical in shape (round), color (black), profile and structure. They 
differed only in size (large and small colonies) (Table 1). 
Table 1.	 The characteristics of obtained bacterial colonies 
Таблиця 1	 Характеристика колоній виділених бактерій

Colonies Gram staining
(positive/negative)

Characteristics of colonies

Colour Shape Diameter, mm Spore 
forming

Large Negative Black Round 2 Non
Small Negative Black Round Up to 1 Non

The selected resuspended bacterial colonies (large and small) were grown up only 
in the medium with sulfate ions (Fig. 1). The studied bacteria do not grow in the medium 
without sulfates. Due to the obtained results isolated strains belong to the sulfate-reduc-
ing bacteria.
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The growth of selected bacterial colonies was not observed in the nutritional me-
dium after heating and seeding of the resuspended bacterial colonies. It helped to es-
tablish that any bacteria colony cells do not form spores (see Table 1). The cultivation of 
these microorganisms in anaerobic, microaerophilic and aerobic conditions showed that 
they are obligate (strict) anaerobes.

Fig. 1.	 Growth of different strains of sulfate-reducing bacteria in a liquid medium: 1, 2, 3, 4, 5 – nutritional 
medium with sulfate-ions; 1′, 2′, 3′, 4′, 5′ – nutritional medium without sulfate-ions

Рис. 1.	Ріст різних штамів сульфатвідновлювальних бактерій у рідкому середовищі: 1, 2, 3, 4, 5 – по-
живне середовище зі сульфат-іонами; 1′, 2′, 3′, 4′, 5′ –  поживне середовище без сульфат-іонів

Total number of the obtained SRB in feces was 105 colony-forming units per gram 
of feces. 157 obtained colonies of microorganisms were examined under the light mi-
croscope. The microscopic study showed that bacterial preparations made of 124 large 
bacterial colonies contained active motile cells. The live bacterial preparations taken 
from 33 small colonies contain also motile cells. The cells of large colonies are vibrio 
form, and the cells of small colonies are short rods form on fixed preparations. The bac-
terial cells of both types of colonies are Gram-negative (see Table 1). 

The results of electronic microscopic study helped to confirm that two types of 
isolated colonies of SRB contain morphologically different cells. Large isolated colo-
nies contain vibrio-like cells, and other small colonies contain short rods cells. The size 
of the vibrio cells is 0.6–0.8×2.7–3.5 µm. They are slightly curved with a crescent forms. 
The size of short rods cells is 0.5×0.8–1.0 µm. They are similar to the coccobacilli forms 
(Fig. 2).

Similar strains of vibrios and short rods that distinguish from each other by the 
morphological, physiological and biochemical characteristics belonging to Desulfovi-
brio and Desulfomicrobium genera were obtained by G.R. Gibson et al [5, 6]. They 
found that the genus Desulfovibrio is dominant SRB in the gut. The species of Desulfo-
vibrio genus make up 67–91% of the total number of SRB [5–7]. The species of 
Desulfomicrobium genus are isolated also from the oral cavity during periodontal 
diseases in human [15]. The Desulfovibrio bacteria are colonizing the intestine; they are 
also capable of forming a biofilm and migrating within the biofilm mucosal layer of the 
colon [2, 18, 19].
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Fig. 2.	 Ultrastructure of sulfate-reducing bacteria cells (electron microscopy, ×15 000): A – vibrios (strain 
SRB Vib-1); B – short rods (strain SRB Rod-4)

Рис. 2.	Ультраструктура клітин сульфатвідновлювальних бактерій (електронна мікроскопія, ×15 000):  
A – вібріони (штам SRB Vib-1); B – короткі палички (штам SRB Rod-4)

The next task of our work was to investigate the growth of various SRB strains. Our 
study has shown that three selected strains of vibrios (SRB Vib-1, SRB Vib-2 and SRB 
Vib-3) accumulated almost equal biomass (Fig. 3A, B, C). The SRB Vib-1 and SRB Vib-
2 strains were growing most intensively. Accumulation of bacterial biomass (3.82 g/l) 
was the highest on the third day of cultivation, and after that, the stationary growth 
phase was observed. The SRB Vib-3 strain grew a little bit less intensively, compared 
with SRB Vib-1 and SRB Vib-2 strains. The SRB Vib-3 strain of bacteria accumulated 
biomass equal 2.89 g/l on the third day of cultivation, and after the fourth day, bacteria 
SRB Vib-3 strain was in the stationary phase of growth.

The growth of bacteria possessing short rod form (SRB Rod-4 and SRB Rod-5) 
differed from the vibrios-like microorganisms (see Fig. 3). The strains of bacteria SRB 
Rod-4 and SRB Rod-5 are characterized by less intensive accumulation of the biomass. 
They were on the stationary phase of growth only to the sixth day of cultivation. Maxi-
mum biomass of these bacteria ranged from 2.88 to 3.25 g/l on the eighth day of cultiva-
tion (see Fig. 3D, E).

In the processes of the dissimilatory sulfate reduction sulfate-reducing bacteria can 
reduce sulfate to hydrogen sulfide [2, 12]. The sulfate ions are used by these microor-
ganisms as electrons acceptors during sulfate respiration [8, 22]. So, the next task of 
our work was to investigate the processes of the dissimilatory sulfate reduction by stud-
ied bacteria.

As one can be seen from the results of our study the of bacteria SRB Vib-1 and 
SRB Vib-2 strains used  most rapidly and extensively. These strains (SRB Vib-1 
and SRB Vib-2) used 80 and 76% , respectively, from the medium on the second 
day compared with the initial concentration. The slowest was the usage of sulfate ions 
by SRB Vib-3 bacteria. On the second day they used only 58%  compared with the 
initial concentration (see Fig. 3A, B, C).
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The SRB Rod-4 and SRB Rod-5 bacteria use sulfate ions less intensively, com-
pared with SRB Vib-1, SRB Vib-2 and SRB Vib-3 strains (see Fig. 3D, E). On the sec-
ond day of cultivation SRB Rod-4 and SRB Rod-5 bacteria used only 55 and 41% of 
sulfate ions, respectively.

Fig. 3.	 The growth of different SRB strains, sulfate-ions usage and production of hydrogen sulfide by the 
strain: A – SRB Vib-1; B – SRB Vib-2; C – SRB Vib-3; D – SRB Rod-4; E – SRB Rod-5; –■– biomass; 
–▲–  concentration; –●– H2S concentration

Рис. 3.	Ріст різних штамів СВБ, використання ними сульфатів і утворення гідроген сульфіду: A – SRB 
Vib-1; B – SRB Vib-2; C – SRB Vib-3; D – SRB Rod-4; E – SRB Rod-5; –■– біомаса; –▲– концен-
трація ; –●– концентрація H2S

In process of dissimilatory sulfate reduction the sulfate-reducing bacteria produce 
hydrogen sulfide that accumulates in the environment and is toxic to the intestine cells 

A B

C

E
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[2, 17, 20]. The results of our study demonstrate that the obtained strains intensively 
produced hydrogen sulfide in the medium (see Fig. 3). Most of hydrogen sulfide (3.03, 
3.12, 2.99 mM) was produced by SRB Vib-1, SRB Vib-2, SRB Vib-3 strains on the sixth 
day of cultivation, respectively. A little bit less intensively hydrogen sulfide was formed 
by SRB Rod-4 and SRB Rod-5 strains, and on the sixth day bacteria produced 2.63 mM 
and 2.44 mM H2S, respectively.

The formation of hydrogen sulfide correlates with the usage of sulfates. The corre-
lation coefficient (r) between these processes equals -0.98. We have found a reverse 
strong negative correlation between these processes.

Thus, SRB Vib-1, SRB Vib-2, SRB Vib-3, SRB Rod-4 and SRB Rod-5 strains per-
form intensively a dissimilatory sulfate reduction. The increased level of sulfates in the 
intestine can lead to intensive development of SRB and increasing of the concentration 
of hydrogen sulfide. Hydrogen sulfide is the main product of metabolism of these strains 
and can be accumulated in significant quantities in the environment. Increased concen-
tration of this compound lead to the inhibition of intensity H2S detoxification in human 
intestinal mucosa [3, 21]. Therefore, hydrogen sulfide will also cause cytotoxic and po-
tential carcinogenic effect, and the development of intestinal diseases [21]. It is known 
that hydrogen sulfide can also affect butyrate oxidation processes and, consequently, 
cause damage to the integrity of the epithelial barrier cells and inflammation of the co-
lon epithelium [19, 24, 25]. We isolated bacteria strains (SRB Vib-1, SRB Vib-2, SRB 
Vib-3) that belong to the Desulfovibrio genus. It is known from the literature that Desul-
fovibrio bacteria cause bloody diarrhea, weight loss and anorexia in animals and hu-
man. Under these conditions, epithelial hyperplasia, abscesses and inflammatory infil-
trates can occur [16, 17]. 

An increased number of SRB in the gut can cause on acute inflammation of the 
mucous membranes increasing their permeability, the abdomen pain, frequent need for 
bowel movement, arthritis, discomfort and malaise [2, 13, 17]. 

In people with ulcerative colitis, members of the Desulfovibrio genus were dominant 
among all selected SRB (55%) [6, 7]. Despite the fact that the number of SRB in sick 
people was small, the intensity of sulfate reduction was higher than in healthy people [7]. 
The SRB isolated from patients with the ulcerative colitis grew at low concentrations of 
sulfate. This is probably due to a composition of the medium intestine during colitis [3, 24].

Large number of the Desulfovibrio genus bacteria (106–107 cells/gram) were found 
in the rectal biopsies taken from patients with colitis, as well as healthy controls. There 
were no differences between physiological and biochemical characteristics of these 
bacteria [5, 6, 7]. Probably, a disease can be caused by certain strains of microorgan-
isms. In the development of disease pathogenesis, major factor is an excessive amount 
of hydrogen sulfide, which can not neutralized in the organism [24].

Our rstudy has shown that morphologically and physiologically different strains of 
isolated sulfate-reducing bacteria can grow intensively and produce hydrogen sulfide in 
the medium. Moreover, the isolated strains of vibrio-shaped (SRB Vib-1, SRB Vib-2, 
SRB Vib-3) can grow more intensively and use sulfates compared with strains of rod-
shaped bacteria (SRB Rod-4 and SRB Rod-5). Obviously, an intensive growth of vibrios 
in the intestine cause more damage to the intestinal cells than short rods. Presence and 
action of these microorganisms in human intestine to a great extent may be responsible 
for development of serious pathological states in gut and can be the pathogenic agent 
of the bowel disease.
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For identification of the genera and species of the described bacterial strains, more 
data of physiological and biochemical characteristics, as well as molecular genetic stu
dies are necessary. 

CONCLUSIONS
1.	 New strains of sulfate-reducing bacteria from human intestine were obtained. 

These strains form two types of black, round colonies with different size (large 
and small). These bacteria grow only in the presence of sulfate in the medium.

2.	 Selected strains of the sulfate-reducing bacteria intensively use sulfate ions and 
produce hydrogen sulfide in the medium of cultivation. Between these proces
ses, a reverse strong negative correlation was established. The correlation coef-
ficient (r) is -0.98. The vibrio-like strains (SRB Vib-1, SRB Vib-2, SRB Vib-3) can 
produce more hydrogen sulfide (up to 3.12 mM), compared with rod-shaped 
strains – SRB Rod-4 and SRB Rod-5 (up to 2.63 mM).
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Виділено нові штами сульфатвідновлювальних бактерій кишечника людини. Ці 
бактерії були вібріоподібної (штами SRB Vib-1, SRB Vib-2, SRB Vib-3) та паличкопо-
дібної (штами SRB Rod-4 і SRB Rod-5) форм. Досліджено ріст штамів цих бактерій, 
використання ними сульфатів і утворення гідроген сульфіду. Сульфатвідновлюваль-
ні бактерії штамів SRB Vib-1, SRB Vib-2 і SRB Vib-3 більш інтенсивно нагромаджують 
біомасу, порівняно зі штамами SRB Rod-4 і SRB Rod-5. Штами бактерій SRB Vib-1 та 
SRB Vib-2 росли найбільш інтенсивно. Найбільша біомаса (3,8 г/л) нагромаджувала-
ся на третю добу культивування, після чого бактерії переходили у стаціонарну фазу 
росту. Бактерії штаму SRB Vib-3 нагромаджують біомасу 2,89 г/л на третю добу 
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культивування. Найбільший рівень біомаси (від 2,59 до 3,25 г/л) штамів бактерій 
SRB Rod-4 і SRB Rod-5 спостерігали на восьму добу культивування. Виділені суль-
фатвідновлювальні бактерії інтенсивно використовують сульфат-іони й утворюють 
гідроген сульфід. Встановлено, що штами SRB Vib-1, SRB Vib-2 і SRB Vib-3 про-
дукують від 2,99 мМ до 3,12 мМ гідроген сульфіду в середовище. За наявності 
сульфатів штами сульфатвідновлювальних бактерій SRB Rod-4 і SRB Rod-5 менш 
інтенсивно використовують сульфат-іони й утворюють гідроген сульфід. 

Ключові слова:	сульфатвідновлювальні бактерії, Desulfovibrio, Desulfomicro-
bium, сульфати, гідроген сульфід, захворювання кишечни-
ка, виразкові коліти, кишкові мікробіоценози.

РОСТ РАЗНЫХ ШТАММОВ СУЛЬФАТВОССТАНАВЛИВАЮЩИХ БАКТЕРИЙ 
ТОЛСТОГО КИШЕЧНИКА ЧЕЛОВЕКА  
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Выделены новые штаммы сульфатвосстанавливающих бактерий кишечника 
человека. Эти бактерии были вибриовидной (штаммы SRB Vib-1, SRB Vib-2, SRB 
Vib-3) и палочковидной (штаммы SRB Rod-4 и SRB Rod-5) форм. Исследованы 
рост этих штаммов бактерий, использование ими сульфатов и образование гидро-
ген сульфида. Сульфатвосстанавливающие бактерии штаммов SRB Vib-1, SRB 
Vib-2 и SRB Vib-3 более интенсивно накапливают биомассу, по сравнению со 
штаммами SRB Rod-4 и SRB Rod-5. Штаммы бактерий SRB Vib-1 и SRB Vib-2 рос
ли наиболее интенсивно. Наибольшая биомасса (3,8 г/л) накапливалась на третьи 
сутки культивирования, после чего бактерии переходили в стационарную фазу ро-
ста. Бактерии штамма SRB Vib-3 накапливают биомассу 2,89 г/л на третьи сутки 
культивирования. Максимальная биомасса (от 2,59 до 3,25 г/л) штаммов бактерий 
SRB Rod-4 и SRB Rod-5 наблюдалась на восьмые сутки культивирования. Выде-
ленные сульфатвосстанавливающие бактерии интенсивно используют сульфат-
ионы и образуют сероводород. Установлено, что штаммы SRB Vib-1, SRB Vib-2 и 
SRB Vib-3 производят от 2,99 мМ до 3,12 мМ сероводорода в среду. При наличии 
сульфатов штаммы сульфатвосстанавливающих бактерий SRB Rod-4 и SRB Rod-
5 менее интенсивно используют сульфат-ионы и образуют сероводород.

Ключевые слова:	 сульфатвосстанавливающие бактерии, Desulfovibrio, De-
sulfomicrobium, сульфаты, сероводород, заболевания ки-
шечника, язвенные колиты, кишечные микробиоценозы.


