
 

Regul. Mech. Biosyst., 2019, 10(1) 83 

 

Regulatory Mechanisms  
in Biosystems   

ISSN 2519-8521 (Print)  
ISSN 2520-2588 (Online) 

Regul. Mech. Biosyst.,  
2019, 10(1), 83–86 

doi: 10.15421/021913 

The usage of nitrogen compounds  
by purple non-sulfur bacteria of the Rhodopseudomonas genus  

О. V. Tarabas, S. О. Hnatush, О. М. Мoroz  
Ivan Franko National University of Lviv, Lviv, Ukraine  

Article info 

Received   12.01.2019 
Received in revised form 

14.02.2019 
Accepted  16.02.2019 
 

Ivan Franko National  
University of Lviv,  
Hrushevsky st., 4,  
Lviv, 79005, Ukraine.  
Tel.: +38-067-291-08-68.  
E-mail: 
otarabas@gmail.com 

Tarabas, О. V., Hnatush, S. О., & Мoroz, О. М. (2019). The usage of nitrogen compounds by purple non-sulfur bacteria of the 
Rhodopseudomonas genus. Regulatory Mechanisms in Biosystems, 10(1), 83–86. doi:10.15421/021913  

In this article, we characterized the regularities of oxidation of nitrite ions by phototropic purple non-sulfur bacteria 
Rhodopseudomonas yavorovii IMV B-7620, which were isolated from the water of Yavorivske Lake (Lviv Region, Ukraine). The 
bacteria were cultivated anaerobically at the light intensity of 200 lux and aerobically without illumination for 13 days in the modified 
ATCC No. 1449 medium. The concentration of nitrite ions was determined turbidimetrically by the turbidity of the solution by 
method of diazotization of sulfanilic acid by the nitrite ions and the interaction of the formed salt with n-(l-naphtyl)ethylenediamine 
dihydrochloride. The concentration of nitrate ions was determined turbidimetrically by the turbidity of the solution by method of 
diazotization. Zinc powder was used as a reducing agent. Efficiency of oxidation of 0.7–5.6 mM nitrite ions as electron donors by 
these bacteria was 100–7%, on the 10-th day of cultivation. It was established that nitrate ions were accumulated in the medium as a 
result of oxidation of nitrite ions by bacteria. The largest biomass (1.6 g/L) bacteria accumulated on the thirteenth day of growth in a 
medium with 2.8 mM NO2

–. We found that R. yavorovii can use nitrate ions and urea as the only source of nitrogen for phototrophic 
growth. At a concentration of 1.9 mM ammonium chloride, sodium nitrite and urea in the cultivation medium, the biomass of 
bacteria was 1.2, 0.8, 1.0 g/L, respectively. The ability of the studied microorganisms to oxidize nitrite ions and to use nitrate ions 
indicates the significant impact of purple non-sulfur bacteria on the redistribution of streams of nitrogen compounds in ecosystems 
and the essential role of these microorganisms in the nitrogen biogeochemical cycle.  

Кeywords: phototropic bacteria; nitrite ions; nitrate ions; nitrogen cycle.  

Introduction  
 

Nitrogen is a nutrient element of living cells and is part of many 
organic substances. In one or another form, it is located in all parts of the 
biosphere (Kozlova et al., 2008; Stein & Klotz, 2016). The largest quan-
tity of nitrogen is in the atmosphere and also in sedimentary rocks, 
where less than 2% of it is bioavailable (Galloway, 1998; Mackenzie 
et al., 1998). Since СО2 concentration in the atmosphere is constantly 
increasing, some researchers even predict that higher СО2 fixation rates 
can be achieved only by increasing the bioavailable concentration of 
nitrogen in the environment, which would significantly limit the global 
warming process (Luo et al., 2004; Langley & Megonigal, 2010). Con-
tribution of bacterial fixation of СО2 to the general assimilation of 
inorganic carbon in aquatic ecosystems has not been finally established. 
The dominant group here is formed by oxygenic phototropic cyanobac-
teria. Anoxygenic phototropic bacteria populate the boundary of the 
aerobic and anaerobic zones, where light penetrates from above and 
compounds of sulfur, ferrum and hydrogen penetrate from the bottom. 
The growth of these microorganisms is often limited by the lack of 
reduced substrates (Lengeler et al., 2005).  

The nitrogen cycle is one of the main global oxidation reduction 
cycles (Canfield et al., 2010; Galloway et al., 2013). In the cycle of nit-
rogen compounds various microorganisms play an important role (Simon 
& Klotz, 2013). Nitrite ions are the intermediate products of various 
metabolic pathways of microorganisms. Under anaerobic conditions, 
nitrate or nitrite ions are electron acceptors in the process of anaerobic 
respiration, which is realized by two different reductive paths with diffe-
rent end products (Galloway, 1998; Kozlova et al., 2008; Stein & Klotz, 
2016). During denitrification, nitrate ions are reduced through nitrites, 

nitrogen oxide and nitrogen oxide to nitrogen as is shown in reactions 
1–5 (Stolz & Basu, 2002; Lengeler et al., 2005; Kozlova et al., 2008), 
while the dissimilatory reduction of nitrate ions to ammonia occurs 
through the recovery of nitrite ions directly to ammonia, with the partici-
pation of nitrite reductase in reaction 6 (Einsle et al., 2002; Kozlova 
et al., 2008). During anammox reactions, nitrite ions and ammonia are 
converted into nitrogen, although the metabolic pathway of this trans-
formation in microorganism cells is not yet fully understood (Francis 
et al., 2007; Stein & Klotz, 2016). Assimilative reduction of nitrate ions 
to ammonia is carried out in a similar way, although various enzymes 
with different regulation mechanisms are involved. This process takes 
place both under aerobic and anaerobic conditions of microorganisms’ 
growth (Stolz & Basu, 2002; Kozlova et al., 2008). Another assimilation 
pathway is reductive fixation of nitrogen and formation of ammonium, 
which occurs under anaerobic conditions (Kozlova et al., 2008).  
                                                            А 

NO3
– + 2e– + 2H+   NO2

– + H2O                              (1) 
                                                            B 

NO2
– + e– + 2H+  NO + H2O                                  (2) 

                                                            C  
2NO + 2e– + 2H+   N2O + H2O                                (3) 

                                                            D 
2N2O + 2e– + 2H+   N2 + H2O                                   (4) 

                                                             Е 
NO2

– + 3NAD(P)H + 5H+  NH4
+ + 3NAD(P)+ + 2H2O   (5) 

Enzymes: А – nitrate reductase; B – NO-forming nitrite reductase; C – 
NO-reductase; D – N2O-reductase; Е– NH3-forming nitrite reductase.  

In many reactions of the nitrogen cycle, molybdenum is a necessary 
cofactor and is a part of nitrogenase or nitrate reductase (Kroneck & 
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Abt, 2002; Kozlova et al., 2008; Schwarz et al., 2009). As was descri-
bed above, the reduction of nitrates to nitrites occurs in two different 
metabolic pathways and with the participation of at least three different 
enzymes. The assimilation of nitrate ions to ammonia is carried out by 
cytoplasmic nitrate reductase encoded by nasA, and the dissimilatory 
reduction of nitrate ions to ammonia and denitrification occur with the 
participation of either periplasmic nitrate reductase encoded by napA or 
membrane-bounded nitrate reductase encoded by narG (Galloway, 
1998; Kozlova et al., 2008).  

Phototropic bacteria use nitrogen compounds in the processes of 
assimilation and dissimilation. Usually ammonia is the best source of 
nitrogen for these microorganisms, but some phototropic strains use 
nitrates if ammonia is not present in the medium (Olmo-Mira et al., 
2006; Pino et al., 2006). These microorganisms directly influence the 
nitrogen cycle through reductive processes such as nitrogen fixation, 
assimilation and respiration (Megonigal et al., 2003; Hoffman et al., 
2014; Arashida et al., 2018). Anaerobic oxidation of nitrite ions is the 
only example in the nitrogen cycle which takes place with the participa-
tion of phototrophs. This photosynthetic process can compete with other 
key nitrogen cycle processes, such as denitrification, aerobic nitrification 
or anammox-reaction.  

Purple non-sulfur bacteria Rhodopseudomonas yavorovii IMV B-
7620, isolated by us from Yavorivske Lake (Lviv Region, Ukraine) 
(Tarabas et al., 2017b; 2017d), can use sulfide and thiosulfate ions as 
electron donors in the process of anoxygenic photosynthesis (Tarabas 
et al., 2017c). They also form hydrogen while growing in the medium 
with malate (Tarabas et al., 2017a). Since the oxidation of nitrite ions 
under anaerobic conditions in the light is an entirely new alternative to 
the already known aerobic oxidation of nitrites, we set the goal of inves-
tigating the bacteria R. yavorovii for the ability of anaerobic phototro-
phic oxidation of nitrite ions in order to understand their potential role in 
the oxidation of nitrites in nature. Obtaining new data may allow us to 
draw conclusions about the possible impacts of this poorly-studied 
metabolic process on the global nitrogen cycle.  
 
Materials and methods  
 

The object of the study was the culture of purple non-sulfur bacteria 
R. yavorovii (Tarabas et al., 2017b; 2017d). The bacteria were grown 
anaerobically at the light intensity of 200 lux and aerobically without 
illumination in 25 ml tubes at the temperature of +27...+30 °C. Microor-
ganisms were cultivated for 13 days in the modified ATCC No. 1449 
medium of such composition (g/L): ammonium chloride – 0.4, potassi-
um dihydrophosphate – 0.6, calcium chloride dihydrate – 0.05, magne-
sium sulfate heptahydrate – 0.32, sodium acetate trihydrate – 0.816, pH 
of the medium was 7.0–7.3. The initial concentration of cells was 0.20 ± 
0.01 g/L. The intensity of light was measured using the lux-meter U-116.  

To study the influence of nitrite ions on biomass accumulation and 
usage of them by bacteria, various concentrations of sodium nitrite: 0.7, 
1.4, 2.8, 5.6 mM, were added to the cultivation medium. In order to 
investigate the usage of different compounds of nitrogen by the exami-
ned microorganisms, sodium nitrate and urea were introduced into the 
cultivation medium instead of ammonium chloride (1.9 mM). To test 
the ability of R. yavorovii for nitrogen fixation, the bacteria were cultiva-
ted in a modified ATCC No. 1449 medium without ammonium ions for 
19 days. To study the influence of molybdenum on the biomass accumu-
lation and the usage of nitrite ions by bacteria, sodium molybdate was 
introduced into the cultivation medium at a concentration of 300 nM.  

The biomass was measured turbidimetrically using a photoelectron-
colorimeter KFK-3 (λ = 660 nm). The concentration of nitrite ions was 
determined by photometric method which is based on the reaction of 
diazotization of sulfanilic acid by the nitrite ions and the interaction of 
the formed salt with n-(l-naphtyl)ethylenediamine dihydrochloride (Gran-
ger, 1996). The concentration of NO2

– was determined turbidimetrically 
by the turbidity of the solution using the photoelectrocolorimeter KFK-3 
(λ = 540 nm, l = 10 mm), and calculated by the formula (Granger, 
1996): C = E · n/К, where: С – a concentration of NO2

– (mM), E – an 
extinction rate at 540 nm wavelength, n – dilution (times), K – the coef-
ficient determined by the calibration curve (K = 15.03).  

Determination of nitrate ions concentration was based on their re-
duction to nitrites in the presence of Zn/MnSO4 as a reducing agent. 
The produced nitrites were subsequently diazotized with sulfanilic acid 
then coupled with n-(l-naphtyl)ethylenediamine dihydrochloride to form 
an azo dye, the content of which was measured at 540 nm (Granger, 
1996). The concentration of NO3

– was determined turbidimetrically by 
the turbidity of the solution using the photoelectrocolorimeter KFK-3 
(λ = 540 nm, l = 10 mm) and calculated according to the formula (Gran-
ger, 1996): C = E · n/К, where: С – a concentration of NO2

– (mM), E – 
an extinction rate of 540 nm wavelength, n – dilution (times), K – the 
coefficient determined by the calibration curve (K = 5.0).  

Experiments were repeated three times with three parallel formula-
tions for each variant of experimental and control conditions. The obtai-
ned data were processed by generally accepted methods of variation 
statistics. The reliability of the difference was evaluated using ANOVA. 
Differences between the samples were considered reliable at P < 0.05.  
 
Results  
 

In this research we investigated the ability of R. yavorovii to use 
various nitrogen compounds as a source of this element in assimilation 
processes at a concentration of 1.9 mM at an intensity of illumination of 
200 lux in anaerobic conditions on 10th day of cultivation in the modi-
fied medium of ATCC No. 1449. The studied microorganisms use 
ammonium chloride, urea and sodium nitrate as the nitrogen source 
(Table 1). The largest biomass (1.2 g/L) of bacteria R. yavorovii accu-
mulated in medium with ammonium chloride. When urea or sodium 
nitrate was added to the cultivation medium the accumulation of bio-
mass by bacteria was lower. So, when sodium nitrate was introduced 
into the cultivation medium, the bacteria accumulated the biomass of 
0.8 g/L (Fig. 1).  

  
Fig. 1. Effect of various nitrogen compounds on the biomass 

accumulation by bacteria R. yavorovii on the 10-th day  
of cultivation (P < 0.05; n = 9)  

Since the investigated microorganisms grow in the urea-containing 
medium, they obviously contain urease. R. yavorovii and other species 
of this genus (Table 1) use ammonium as a nitrogen source. R. yavo-
rovii IMV B-7620, Rhodopseudomonas harwoodiae JA531, Rhodo-
pseudomonas cryptolactis grow in urea-containing media. R. yavorovii 
IMV B-7620, Rhodopseudomonas parapalustris JA310, Rhodopseudo-
monas pentothenatexigens JA575, Rhodopseudomonas thermotolerans, 
Rhodopseudomonas palustris, in contrast to Rhodopseudomonas julia 
and R. harwoodiae JA531 use nitrate ions under anaerobic conditions in 
the light (Table 1).  

Since fixation of molecular nitrogen is a widespread process among 
most phototropic bacteria (Kozlova, 2008), we examined the capacity 
of R. yavorovii for nitrogen fixation. In case of cultivation on a modified 
nutrient medium ATCC No. 1449 without ammonium chloride as a 
nitrogen source, the bacteria accumulated biomass of 0.7 g/L for 16 day 
of cultivation (Fig. 2). Obviously, R. yavorovii is capable of molecular 
nitrogen fixation. Sulfur compounds, in particular, hydrogen sulfide, 
thiosulfate, tetrathionate and others, are well-studied as electron donors 
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of anoxygenic photosynthesis. The processes of nitrogen compounds’ 
oxidation in the course of photosynthesis were not well known and stu-
died. We studied the influence of nitrite ions on the biomass accumulation 
by bacteria R. yavorovii. The bacteria did not grow in the modified 
ATCC No. 1449 medium with nitrite ions without addition of sodium 
molybdate. Therefore, further studies of the influence of nitrite ions on 
bacteria were carried out in a medium containing sodium molybdate. 
The largest biomass (1.6 g/L) bacteria accumulated on the thirteenth day of 
growth in a medium with 2.8 mM NO2

–. The lowest biomass (0.4 g/L) 
accumulated in bacteria stored in a medium with 5.6 mM nitrite ions.  

Table 1  
The usage of various nitrogen compounds  
by bacteria of Rhodopseudomonas genus during photosynthesis  

Microorganisms Nitrogen source 
NH4

+
 NO3

– CH4N2O 
R. yavoroviі IMV-7620 + + + 
R. parapalustris JA310T (Ramana et al., 2012) + + ND 
R. harwoodiae JA531T (Ramana et al., 2012) + – + 
R.faecalis JCM11668T (Zhang et al., 2002) + ND ND 
R. pentothenatexigens JA575T (Kumar et al., 2013) + + – 
R. thermotolerans (Kumar et al., 2013) + + – 
R. cryptolactis (Imhoff et al., 2005) + ND + 
R. palustris (Imhoff et al., 2005) + + ND 
R. julia (Imhoff et al., 2005) + – ND 
R. rhenobacensis (Imhoff et al., 2005) + ND ND 
Note: “+” – occurrence of growth; “–” – no growth; ND – no data.  

  
Fig. 2. Biomass of purple non-sulfur bacteria R. yavorovii during 
growth in a modified ATCC No. 1449 medium without NH4Cl  

as nitrogen source (P < 0.05; n = 9)  

In the medium with 0.7 mM nitrite ions, bacteria use them at 100%, 
and with increase in concentration to 1.4 mM they use it at 93.7% on 
the tenth day of cultivation (Fig. 3b). The bacteria oxidized the nitrite 
ions during thirteen days of cultivation at their initial concentration of 
2.8 mM by 86.1% (Fig. 3). Probably, the deceleration of nitrite ions 
oxidation by bacteria at high concentrations in the medium is the result 
of the inhibition of photosynthetic, and, therefore, growing processes 
under these conditions. Obviously, R. yavorovii uses nitrite ions as elect-
ron donors during the anoxygenic photosynthesis.  

During 13 days of cultivation as a result of nitrite ions oxidation at 
their initial concentrations of 0.7, 1.4, 2.8, 5.6 mM in the medium nitrate 
ions were accumulated, the concentration of which on the 10th day of 
cultivation was 0.19, 0.64, 0.84, 0.03 mM, respectively (Fig. 4). R. ya-
vorovii use nitrate ions in the processes of assimilation, as is proved by 
the biomass accumulation by investigated microorganisms (Fig. 1).  
 
Discussion  
 

Sulfur compounds, in particular, hydrogen sulfide, thiosulfate, tetra-
thionate and others, are well-studied as electron donors of anoxygenic 
photosynthesis (Neutzling et al., 1984; Ghosh & Dam, 2009; Hallen-
beck, 2017). In this paper we describe anaerobic oxidation of nitrite ions 
by R. yavorovii bacteria. In the process of nitrite ions’ oxidation by the 

studied microorganisms in light under anaerobic conditions, these ions 
are electron donors. R. yavorovii as well as Thiocapsa sp. strain KS1 
and Rhodopseudomonas sp. strain LQ17 (Schott et al., 2010) uses nitri-
tes as electron donors during anoxygenic photosynthesis. The pair of 
NО3

–/NО2
– with a standard oxidation reduction potential (ORP) +0.43 V, 

theoretically, can emit electrons in the reaction center of the quinone 
type in purple sulfur bacteria, where the primary donor bacteriochloro-
phyll has middle ORP +0.49 V (Cusanovich et al., 1965; Schott et al., 
2010). As was noted above, the nitrite-ion is an electron acceptor during 
the dissimilatory reduction of nitrates to ammonia under anaerobic con-
ditions, denitrification to nitrogen and anammox-reaction by different 
groups of microorganisms. A single process of aerobic nitrification is 
known to exist, in which electrons from nitrite ions are transferred to 
oxygen (Bock et al., 1991). In Wolinella succigenes, the reduction of 
nitrites to ammonium occurs with the involvement of hydrogen or 
membrane-bound nitrite reductase. Reduced menaquinone serves as an 
electron donor to these microorganisms (Lengeler et al., 2005).  

а   

b  

Fig. 3. Biomass (a) and NO2
– usage (b) by R. yavorovii during growth 

in medium with NO2
– at different concentrations (P < 0.05; n = 9)  

 
Fig. 4. Nitrate ions accumulation by bacteria R. yavorovii in the media 

with nitrite ions at different concentrations (P < 0.05; n = 9)  
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Assimilative reduction of nitrate ions to ammonia takes place both 
under aerobic and anaerobic conditions of a microorganism’s growth 
(Stolz & Basu, 2002). Reductive fixation of nitrogen and formation of 
ammonium by most phototropic bacteria occurs under anaerobic condi-
tions (Kozlova et al., 2008). R. yavorovii under these conditions is ca-
pable of molecular nitrogen fixation, as are also R. palustris, R. rheno-
bacensis, R. cryptolactis (Imhoff et al., 2005).  

We have found that nitrite ions were oxidized to nitrates only under 
anaerobic conditions while bacteria were growing in the light. In the 
medium free of cells (control), no oxidation of nitrite ions to nitrate ions 
was observed under illumination conditions, thus chemical oxidation of 
nitrites to nitrates was excluded. Under aerobic chemotrophic conditions 
of growth, oxidation of nitrite ions by the bacteria R. yavorovii was not 
observed. The study of the growth of R. yavorovii in the medium with 
sodium nitrite with and without introduction of molybdenum was con-
ducted to determine whether this metal is involved in this process, since 
all nitrate reductases, which catalyzing the nitrates to nitrites reduction, 
contain molybdenum as cofactor (Kroneck & Abt, 2002; Stolz & Basu, 
2002; Schwartz et al., 2009). It has been established that bacteria accu-
mulate biomass and oxidize nitrite ions only when molybdenum is 
introduced into the cultivation medium. Therefore, we assume that the 
nitrite oxidizing enzyme in R. yavorovii bacteria contains a molybdopte-
rin cofactor.  
 
Conclusions  
 

The patterns we established of usage of nitrite ions as electron do-
nors of anoxygenic photosynthesis by R. yavorovii under anaerobic 
phototrophic conditions of cultivation supplement and broaden the un-
derstanding of the role of purple non-sulfur bacteria in nitrogen com-
pound oxidation in ecosystems.  
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