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Abstract 4 

The aim of this study was to determine if there are emissions of nitric oxide and nitrogen 5 

dioxide by L.sphaericus incorporated in soil from Casanare, Colombia.  First, We assesed 6 

the quantity of ammonia, nitrate and nitrite over time in open microcosms  of soil with a 7 

bacterial mix composed by L. sphaericus 3(III)7 and OT4b.49. Then, we applied this 8 

bacterial mix into closed microcosms of soil and with Minimum salts medium (MSM) with 9 

ammonia to measure indirectly by Spectroquant® the concentration of nitric oxide and 10 

nitrogen dioxide over time. It was also evaluated the presence of two genes involved in 11 

denitrification (nosF and nosD) by PCR screening of five strains of L.sphaericus (3(III) 7, 12 

OT4b.49, OT4b.25, OT4b.31 and CBAM5). The concentration of ammonium, nitrate and 13 

nitrite over time confirm the capacity of L.sphaericus to perform nitrogen fixation and 14 

nitrification and the assays with closed microcosms and the bacterial mix showed absence 15 

of nitric oxide and a minimum level of nitrogen dioxide over time. The nosF and nosD 16 

primers amplified the expected fragment for the five strains and the sequenced nosF and 17 

nosD PCR product obtained for the five strains of L.sphaericus, showed an ATPase domain 18 

and a copper binding domain respectively which was consistent with the function of these 19 

genes. The basal emission of nitrogen oxides by L.sphaericus in soil along with its 20 

competence to enhance the bioability of nitrogen for deficient soils in nutrients indicate 21 

that this microorganism can be an alternative for biofertilization with low impact on the 22 

environment. 23 
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1. Introduction 28 

Nitrogen constitutes one of the most important nutrients for the sustainability of life in 29 

Earth. Unfortunately, the balance of this element transformation has been altered by 30 

anthropogenic sources mainly by combustion and chemical fertilization processes. (Fowler 31 

et al., 2013)One of the fundamental losses of nitrogen to the atmosphere is in form of 32 

nitrogen oxides (NO-NO2); they have adverse effects on the environment due to their 33 

implication in the formation of Smog, and acid rain (World Health Organization, 2006)  34 

Although the main source of these compounds is anthropogenic by fossil fuel combustion, 35 

bacterial nitrification and denitrification also contribute largely to the emission of nitrogen 36 

oxides (Tortoso & Hutchinson, 1990). It has been usually known that bacterial nitrification 37 

is carried only by autotrophic organisms that belong to β and 𝝀 subclass of Proteobacteria 38 

such as Nitrospira, Nitrobacter and Nitrosococcus spp (Levy-Booth et al., 2014). 39 

Denitrification by bacteria is performed by a wide range of organisms like Pseudomonas 40 

spp and Paracoccus denitrificans (an aerobic denitrifier) most representative bacteria from 41 

Proteobacteria (Hayatsu et al., 2008).  42 

However, it has been found that heterotrophic bacilli are also involved in nitrification and 43 

denitrification (Verbaendert et al., 2011).  Kim et al., (2005) characterized the presence of 44 

Bacillus strains (Bacillus cereus, Bacillus subtilis and Bacillus licheniformis)   in this 45 

processes for wastewater treatment. Also there is genomic evidence for genes related to 46 

the nitrogen cycle for gram positive bacilli (Lin et al., 2010). Particularly for Lysinibacillus 47 

sphaericus, the presence of genes such as nifU for nitrogen fixation  (Hu X, et al., 48 

2008),(Peña-Montenegro&Dussán,2015),nitrate reductase(Peña-49 

Montenegro,Dussán&Lozano,2015) and nosD, nosF and nosL involved in denitrification 50 

(Rey&Dussan, not published) suggests that this microorganism also could be involved in 51 

these processes.  52 

 There was also found that Lysinibacillus sphaericus can fix nitrogen gas as ammonium and 53 

performs nitrification in vitro (Martinez&Dussán, not published) where the strains of 54 
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L.sphaericus 3(III) 7 and OT4b.49 were the most efficient in this process. Thus, this study 55 

aims to evaluate if   there is a contribution by Lysinibacillus sphaericus to the nitric oxide 56 

and nitrogen dioxide production due to their addition to a soil from the Eastern Llanos 57 

basin, Colombia. 58 

 59 

2. Materials and methods 60 

         2.1 Microcosms essays 61 

The substrate for both sets of microcosms was soil from Casanare, Colombia which was 62 

inoculated with bacterial mix of L.sphaericus III (3)7 and OT4b.49 (109 𝑈𝐹𝐶). Statistical 63 

analysis using R project for Statistical Computing was performed for both essays with 64 

Kruskal Wallis test (p value of 0.05). 65 

2.1.1Open microcosms set essays 66 

Microcosms substrate was 200gr of mixed soil (1 part remediated: 3 parts of clean soil). 4 67 

treatments consisting of bacterial mix or bacterial mix with 0.22 gr of fertilizer (NPK) with 68 

their respective controls were set up; each treatment had 2 replicas. Samples were taken 69 

by triplicate for day 0,2, 4 to measure  nitrate, nitrite and ammonia present using 70 

SpectroquantNova60A®.Measuring range for the three compounds was:1-50mg/L 71 

(NO3)0.01-3mg/L(NH4 )-0.02-1mg/L(NO2). 72 

2.1.2Closed microcosms set essays 73 

Three treatments of 30gr of mixed soil (1 part remediated: 3 parts of clean soil)  with 74 

other 3 treatments of 30ml of minimum salts medium with ammonia were set up in closed 75 

recipients, then bacterial mix or bacterial mix with 0.22 gr of fertilizer (NPK) were 76 

inoculated into both media. Each treatment had 2 replicas. Samples of 10ml of air were 77 

taken with a syringe for day 0,7,14 and 21, this samples were added into closed recipients 78 

with an aqueous solution of sodium hydroxide (pH 9) and then used to measure indirectly 79 

nitric oxide and nitrogen dioxide quantity using SpectroquantNova60A®. 80 
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This indirect measurement relies on the oxidation of nitric and nitrogen dioxide into 81 

nitrites and nitrates respectively according to the following reactions: 82 

2𝑁𝑂 + 2𝑁𝑎𝑂𝐻 → 2𝑁𝑎𝑁𝑂2 + 𝐻2𝑂 (1) 83 

2𝑁𝑂2 + 2𝑁𝑎𝑂𝐻 → 2𝑁𝑎𝑁𝑂3 + 𝐻2𝑂 (2) 84 

2.2 Amplification of nosF and nosD genes 85 

PCR screening was performed for five strains of L.sphaericus (3(III) 7, OT4b.49, OT4b.25, 86 

OT4b.31 and CBAM5).The set of primers used to amplify nosF were: nosFf (Forward 87 

primer) 5’- TTGAAGCGTGTTTCCTTGTG-3’ and nosFr (Reverse primer) 5’- 88 

AATTTCAGTGATCGGACCAGA- 3’. Amplification procedure was initially 30 cycles of 95°C 89 

for 30s, 54°C for 30 s and 72°C for 30 s, followed by one cycle of 72°C for 5 minutes. 90 

For nosD amplification procedure following primers were obtained: nosDf (Forward 91 

primer) 5’- TGACACTCAACAGGCAAAGG-3’ and nosDr (Reverse primer) 5’- 92 

CCATCCATTGACCAAAGCTC- 3’.PCR procedure involved  30 cycles consisting of 95°C for 30 93 

s, 49°C for 30 s and 72°C for 30 s, followed by a final step of 72°C for 5 minutes. Primers 94 

used for amplification of both genes were designed using the sequences annotated from 95 

the genome of L.sphaericus OT4b.25 (Rey&Dussán).For both PCR procedures this strain 96 

was used as positive control. 97 

The amplification products were visualized in 1.5 % agarose gel, purified and sequenced 98 

by DNA Sequencing Laboratory (Universidad de Los Andes). 99 

2.3Sequence analysis  100 

Sequences obtained and their corresponding deduced aminoacids sequences were 101 

surveyed against Genbank database using BLAST from National Center for Biotechnology 102 

Information. There was also carried a conserved domains analysis with the aminoacids 103 

sequences using Pfam and Interpro (EMBL-EBI). 104 

 105 
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3. Results and discussion 106 

Open microcosms set 107 

 108 

Figure 1. Variation of ammonia concentration for days 0, 2, 4 and 6 109 

T0, T2, T4 and T6 refer to the days of sampling, pool refers to the bacterial mix (L.sphaericus III 110 

(3)7 and OT4b.49) and NPK is the fertilizer used for this essay. Statistical significance between 111 

treatments is indicated by *p value minor to 0.05 112 

 113 
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 114 

Figure 2. Variation of nitrate concentration for days 0, 2, 4 and 6 115 

T0, T2, T4 and T6 refer to the days of sampling, pool refers to the bacterial mix (L.sphaericus III 116 

(3)7 and OT4b.49) and NPK is the fertilizer used for this essay. Statistical significance between 117 

treatments is indicated by *p value minor to 0.05 118 

 119 

 120 

Figure 3. Variation of nitrite concentration for days 0, 2, 4 and 6 121 

T0, T2, T4 and T6 refer to the days of sampling, pool refers to the bacterial mix (L.sphaericus III 122 

(3)7 and OT4b.49) and NPK is the fertilizer used for this essay. Statistical significance between 123 

treatments is indicated by *p value minor to 0.05 124 

Ammonia concentration on figure 1 increases over time showing a major shift between 125 

days 2 and 4 (from 4 mg/L on average to 10mg/L) and a minor reduction for day 6, on day 126 

4 greater quantities of ammonia are observed in treatments with bacterial mix inoculated 127 

which is consistent with the observations from the study of Martinez and Dussán (2015) 128 

and suggest that L.sphaericus could perform nitrogen fixation. Additionally, the lower 129 

concentration on day 6 which was minimal for the treatment with bacterial mix is 130 
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expected according to the increase of nitrate found in that day (figure 2) that could be 131 

related to the nitrification process. Volatilization of ammonia could be significant for this 132 

decrease, Corstanje et al., (2008) found that the runoff of this compound is scale 133 

dependent being greater for a small soil area and lower pH. As the soil used is 134 

characterized by a pH between 4.5 and 5 (Amezquita, 1998) this could be a factor that 135 

enhanced loss of ammonia along with the presence of nitrification. 136 

Figure 3 shows a slight increase on nitrite concentration between days 2 and 4 consistent 137 

with the results for the other two compounds. On the other hand, the variations in this 138 

compound concentration are lower compared to the other compounds (0.02 to 0.14mg/L) 139 

according to the reactivity of nitrite and the non-enzymatic loss of this compound to the 140 

atmosphere (Wullstein &Gilmore, 1964).   141 

Close microcosm set 142 

 143 

Figure 4. Variation of nitrite concentration for days 0,7,14 and 21 in close microcosms 144 

T0, T7, T14 and T21 refer to the days of sampling, MMS pool refers to the bacterial mix 145 

(L.sphaericus III (3)7 and OT4b.49) and NPK is the fertilizer used for this essay. Statistical 146 

significance between treatments is indicated by *p value minor to 0.05 147 
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 148 

 149 

Figure 5. Variation of nitrate concentration for days 0,7,14 and 21 in close microcosms 150 

T0, T7, T14 and T21 refer to the days of sampling, MMS pool refers to the bacterial mix 151 

(L.sphaericus III (3)7 and OT4b.49) and NPK is the fertilizer used for this essay. Statistical 152 

significance between treatments is indicated by *p value minor to 0.05 153 

From figure 4 are observed bigger concentrations on day 14 of nitrite with a lack of clear 154 

patterns, the absence of significant differences between treatments is probably due to the 155 

short half-life of nitric oxide and lack of full recovery of this gas from the closed recipients. 156 

On the other hand, for nitrate, there are significant differences between treatments for 157 

day 14, with bigger concentrations for treatments with inoculum of bacterial mix which 158 

coincides with the possible biogenic emissions of nitric oxide converted rapidly to nitrogen 159 

dioxide by these bacteria (Davidson et al.,, 1991).  160 

There are few available studies about nitric oxides emissions in soils and although it would 161 

be interesting to quantify nitrous oxide emissions by L.sphaericus given its importance as a 162 

greenhouse effect gas, studies have found that the ratio between nitric and nitrous oxide 163 
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production varies between 3 to 10:1(Smith et al.,1997). Thus we would expect in further 164 

investigations less emissions of nitrous oxide in this particular soil.   165 

 166 

 167 

Figure 6. Closed microcosms set  168 

Amplification of nosF and nosD genes and sequence analysis 169 

 170 
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Figure 7.  1.5 %agarose gels with the PCR products of nosD amplification for L.sphaericus strains 171 

The expected band size is of 320 pb.  Lane order is as follows: W (Weight marker Gene Ruler 1kb 172 

DNA ladder (Invitrogen), 1 (strain CBAM5), 2 (strain OT4B.25-positive control), 3 (strain OT4B.31), 173 

4 (strain III (3)7), 5 (strain OT4B.49) and – (negative control). 174 

 175 

Figure 8.  1.5 %agarose gels with the PCR products of nosF amplification for L.sphaericus strains 176 

The expected band size is of 309 pb. Lane order is as follows: – (negative control), 1(strain 177 

CBAM5), 2 (strain OT4B.25-positive control), 3 (strain OT4B.31), 4 (strain III (3)7), 5(strain OT4B.49) 178 

and W (Weight marker Gene Ruler 1kb DNA ladder (Invitrogen). 179 

Amplifications results for both genes show a band of approximately 300 base pairs which 180 

is consistent with the expected PCR product. For nosF and nosD the sequences obtained 181 

showed 99% of identity with the reference genome for L.sphaericus (strain C3-41). 182 

Conserved domain analysis for nosF resulted in an ATPase domain which is consistent with 183 

the function that it performs in NosZ assembly. Also for nosD, analysis surveyed showed a 184 

copper binding domain for all five sequences according to the domains present for this 185 

gene. Few findings in characterization of genes involved in denitrification for Gram 186 
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positive bacteria are available. Liu et al., (2008) described functional characteristics of 187 

Geobacillus thermodenitrificans NG80-2 NosZ cluster revealing that Gram positive and 188 

Gram negative bacteria have conserved the molecular mechanism related to the final step 189 

of denitrification. However, further studies on the sequence of nosZ   for L.sphaericus 190 

along with PCR screening and confirmation of gene expression for all the denitrification 191 

genes are required in order to enhance the presence of denitrification in this 192 

microorganism as the presence of atypical NosZ clusters does not indicate necessarily 193 

denitrification activity (56% of Bacteria and Archea do not have other denitrification 194 

genes) (Sanders et al., 2012). It is also necessary to evaluate activity of these enzymes and 195 

their importance related to nitrogen oxides production as Beaumont et al., (2002) found 196 

that the disruption of nitrite reductase in Nitrosomonas europaea is not sufficient to stop 197 

nitric and nitrous oxide production. 198 

4. Conclusions 199 

Ammonia, nitrite and nitrate concentration variations in soil are consistent with the 200 

expected patterns related to a process of bacterial nitrogen fixation and nitrification. For 201 

further research it would be interesting to increase the essay time and implement 202 

microcosms with indicator plants in order to evaluate these nitrogen compound fluxes on 203 

a larger scale and measure biofertilization success according to concentration of nitrate 204 

effectively assimilated by plants.  205 

Nearly all NOx production of L.sphaericus was found as nitrogen dioxide, this is expected 206 

according to the short half-life of nitric oxide and its rapid oxidation to nitrogen dioxide. In 207 

the future it would be expected to study nitrous oxide emissions by this microorganism 208 

given the importance of this compound. 209 

All five sequences obtained from nosF and nosD genes obtained for the evaluated strains 210 

of L.sphaericus, showed an ATPase domain and a copper binding domain respectively 211 

which was consistent with the function of these genes. Thus, bioinformatics evidence 212 

supports experimental findings about denitrification performance by this microorganism 213 

which leads to NOx emmissions.  214 
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The basal emission of nitrogen oxides by L.sphaericus in soil along with its competence to 215 

enhance the bioability of nitrogen for deficient soils in nutrients indicate that this 216 

microorganism can be an alternative for biofertilization with low impact on the 217 

environment. 218 
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