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Summary 

Lysinibacillus sphaericus  has been used recently in bioremediation process due its 

ability to degrade crude oil and reduce heavy metals concentrations. One of the 

main mechanisms of genetic material exchange is conjugation that could improve 

bioremediation processes, but there are few studios about it in Lysinibacillus sp.  

Antibiotics resistance exchange from the native strains L. sphaericus OT4b.31 and 

CBAM5 were assessed in vitro and in microcosms with oils sludges. In all 

conditions were obtained conjugants, with greater efficiency in the oil sludge with 

API grade 32. The antibiotic resistance genes transfer indicate that the strains 

could obtain genes that improve its fitness in a microcosms. 
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1. Introduction 

 

Conjugation is one of the three main mechanisms by which bacteria change 

different genetic materials. The others are transduction, phage-mediated exchange 

and transformation, which required a competent cell.  In conjugation, a DNA 

element is exchanged between donor and recipient cell. Accordingly, direct contact 

and specialized molecular machinery in the donor is required (Singh et al., 2013).In 

regard to conjugation from gram positive bacteria, there are less works compared 

to gram negative. Conjugative plasmids from Bacillus sp. (Santos et al, 2010; 

Rachinger et al, 2013), Staphylococcus sp (Rossi et al., 2014), Enterococcus sp, 

and Streptococcus sp. (Sedgley et al., 2008; Le Bouguenec & Horodniceanu, 

1982) have been studying.  

The biological process, by which contaminated soil and water are cleaned, is 

known as bioremediation (Gillespie & Philp, 2013). Bacteria, fungi, algae, animal 

and plant compost are the main material used for this end. Studies reveal the 

degradation efficiency of Pseudomonas aeruginosa, Marinobacter 

hydrocarbonoclasticus (Striebich et al., 2014). However, the use of opportunistic 

pathogen as Pseudomonas sp. may have serious implications during 

bioremediation process (Ahmed et al, 2013). Recently, has been disclosed the 

potential of Bacillus, Lysinibacillus and Brevibacillus for decontamination of 

petroleum-impacted areas (Derrossi, et al, 2014; Roy et al, 2014) 

Lysinibacillus sp, are gram positive bacilli, spore-forming that have been 

isolated from soil and water. Lysinibacillus sphaerius, specifically, has 



entomotoxigenic activity and the ability to bioremediate contaminated areas with 

heavy metals (Lozano & Dussán, 2013). Recently, has been reported the genome 

sequence of two strains from this genus:  L. sphaerius OT4b.31 and L.sphaericus 

CBAM5. (Peña-Montenegro & Dussán, 2013; Peña-Montenegro et al., 2014). The 

first was isolate from larvae’s beetles (Dussán, 2006) and the strain CBAM5, from 

a petroleum exploration area in Colombia (Villegas-Torres et al., 2011).In both 

strains, genes of aromatic compounds metabolism were annotated, as well as 

elements associated with plasmids. 

Given that, this native strains have been used in bioremediation process and 

some of these could have the conjugative machinery to exchange essential genes 

inside a plasmid. This study asses the conjugation between L. sphaerius OT4b.31 

and L.sphaericus CBAM5 in vitro and in microcosms with oils sludges of API 

grades: 14, 28 and 32.  

2. Materials and Methods 

Growth media and Selection marker 

Screening and mating experiments were done in Luria-Bertani (LB) broth 

and plating in LB agar. For selection of conjugants, 5ug/mL of erythromycin and 

20ug/mL of ampicillin were added to the medium. Consortiums for the soil 

microcosm experiments was done on Standard Plate Count agar (SPC). Seven 

strains of Lysinibacillus sphaericus: 2362, OT4b.26, OT4b. 31, OT4b.32 OT4b.26 

OT4b.49, III(3)7 and CBAM5, were taken from the Centro de Investigaciones 

Microbiológicas (CIMIC) culture collection. According to the reports of antibiotic 

resistance in the genus Lysinibacillus (Peña-Montenegro at al., 2013; Peña-



Montenegro & Dussán, 2014), eight antibiotics were evaluated with each strain. 

Specific concentration of selected antibiotics were added to LB agar as follows: 30 

of trimethoprim, 5ug/mL of erythromycin, 25µg/mL of chloramphenicol, 12,5 µg/mL 

of kanamycin, 16µg/mL of rifampicin, 20µg/mL of ampicillin, 30µg/mL of 

tetracycline and 25µg/mL of gentamicin. An over-night on LB broth of each strain 

was made and tested on LB agar. Those strains with inverted antibiotic resistance 

were taken as parental for the mating experiments. All possible antibiotics 

combinations of the selected parental strains were done to assess incompatibility 

inhibition between these.  

In vitro conjugation experiments 

 

Following the procedure of Rozo & Dussán (2009) an overnight of the two 

parental was done on 30mL of LB broth, after 15 hours 300µl of each was put on 

vials with 30mL of the broth. When both parental reach out at logarithmic growth 

phase (A540 = 0, 6 - 0, 8) 1ml of each one was mixed in vials of 50ml with 30mL of 

LB broth. To standardize the conjugation process and know the conjugation time, 

after 1hour and 2 hours of incubation at 30°C, 100µl were placed onto LB agar with 

erythromycin and ampicillin to select the conjugants. Dilutions of the two parental 

were done to meet the title, and the same for the possible conjugants. To verify 

that selected parental retained their susceptibility during the conjugation, each 

parental was place on LB agar with the contrary antibiotic. The process was 

repeated with 2 hours of incubation and by triplicate. The conjugation efficiency 

was calculated as follows:  



  

 

 

Microcosm with oils sludges  experiments 

 

A consortium with each parental resuspended with 100mL of distilled water, 

was mixed with 30g of  sterile soil and 3g of oils sludges with API grades: 14, 28 

and 32. Different assays with one parental and both parental was done. 10mL of 

one parental was mixed with the amounts mentioned above of soil and crude. The 

same was made for the other parental. The assay with both parental was made 

similarly but with 5mL of each parental and with sterile soil. This was autoclaved 

three times at 170°C for 1 hour and then put it under UV radiation. Three assembly 

of each assay were carried out and incubated at 30°C. In total, 12 mounts oil 

sludge were assessed. Since third day parental and conjugal count were done in 

LB agar with the specific antibiotic. The efficiency was calculated as mentioned 

above for in vitro essays.  

Primers construction  

 To confirm that the colonies obtained in selective pressure were 

conjugants, three pairs of primers were constructed to amplify resistance genes. 

First, was made a tblastn, from NCBI tools, with amino acids sequence of 

erythromycin resistance ATP-binding protein from Bacillus sp and β-lactamasa in 

B. cereus. The search parameters were change to shotgun contigs or wgs project 

to found the nucleotide sequence in the parental genomes. For erythromycin 

Conjuation  
Efficiency  

= 
Parental Title 

Conjugant Title  
* 100 



resistance gene was obtained the following primers: 

5’CATCAATGAGCAGTGCCTCC3’ 3’GCTAGCAAGATTCAGCCCAC5’ and 

5’CCTTGTTTGCTCTCCACCAC3’     3’GAAGCTTCAACCCACTCGTG5’. For 

ampicillin resistance gene, the primers obtained were: 5’ 

TGACCTTCAAGCATACACGC3’ 3’CTGTTAGGCGGCCAAACAAT5’. Primer3 was 

used to construct these sequences and in mfold Web Server were reviewed 

possible secondary structures. 

 

 Antibiotic resistance genes PCR 

 The primers constructed were used to amplify fragments of 217pb for 

erythromycin and 198pb for ampicillin resistance genes. Several extraction 

technics were realized to obtain the template ADN. From a 25µl heat-denatured 

overnight culture was taken 1ul supernatant to master mix. Otherwise, colony of a 

fresh culture were suspended in 50µl of sterile water and heated, to take 5ul 

supernatant. With the PowerSoil® DNA Isolation Kit from MO BIO laboratories was 

made a third extraction and taken 1µl for 25ul PCR mixture. The mix containing 1X 

PCR buffer, 2.5mM of MgCl2 0,2mM of each deoxyribonucleotide triphosphate, 

0,2µM of each primer, 1.5U of Taq DNA Polymerase from Thermo Scientific and 

1µl of the DNA extraction. Gradient PCR was accomplished in a iCycler 

thermocycler (BioRad) with the following thermal profile: initial denaturation at 94°C 

for 3min, followed by 30 cycles of 94°C 45s, annealing at 57°C decreasing in each 

cycle until 55°C for 30s, and elongation at 72°C for 1min finally, the last extension 

cycle for 10min at 72°C. To analyze the PCR reactions were realized a gel 

electrophoresis with 1.5% agarose, 1X TBE running buffer, 75min at 70V and 



visualized by GelRed staining. The above procedure was made for the two 

parental and the conjugants obtained.   

 

 Purification and sequencing 

 The PCR products were purified using the Wizard® SV Gel and PCR 

Clean-UP System (Promega). However it could not be sequenced due to the low 

concentrations of purified DNA obtained. 

  

 Statistical analysis  

 A multifactorial ANOVA was realized through The R project for Statistical 

Computing. 

  

3. Results and Discussion 

 

Selection marker for parental conjugants 

In order to have strains with inverted antibiotic susceptibility as parental of 

conjugation and that were identified, was carried a selection among seven 

Lysinibacillus sphaericus strains and eight reported susceptible antibiotics for this 

bacteria. The screened strains was L. sphaericus  OT4b.31 and L. sphaericus  

CBAM5 (Table 1). Two strains with genome sequencing reported, that reveled 

predicted proteins implicated in aromatic compounds degradation (Peña-

Montenegro & Dussán, 2013; Peña-Montenegro et al., 2014). The genotype found 

was AmpR KanRTmpR ChlsEms,   for the strain OT4b.31 and ChlREmRAmpS 



KanSTmpS for CBAM5. With all the possible antibiotic combinations was assessed 

incompatibility inhibition between these. There was growth of each strain in the 

respective combinations.  

Table 1. Antibiotic sensitivities of seven L. sphaericus strains 

Antibiotic 

Strain Tet Em Tmp Gen Kan Rif Amp Chl 

2362 

S R S S S S S * 

S R S S S S S * 

0T4b.26 
S R S S S S S * 

S R S S S S S * 

0T4b.31 S R R S R S R * 

S R R S R S R * 

0T4b.32 
S R * S S S S * 

S R * S S S S * 

III(3)7 
S R S S S S S * 

S R S S S S S * 

OT4b.49 S R S S S S S * 

S R S S S S S * 

CBAM 5 
S R S S S S S * 

S R S S S S S * 

 

Tet: tetracycline, Em: Erythromycin, Tmp: Trimethoprim, Gen: Gentamicin, 

Kan: kanamycin, Rif: Rifampicin, Amp: Ampicillin, Chl: Chloramphenicol. R: 

resistance, S: sensitive, * undefined results. In bold are the two parental 

with inverted antibiotic susceptibility 



 

 

In vitro conjugation experiments 

 

With the two parental selected with a specific and inverted antibiotic 

susceptibility, the conjugal process between these strains were evaluated. To 

standardize the conjugation in vitro was taken as basis the procedure followed by 

Rozo & Dussán (2009). Maintaining the relation 1:1 among the parentals and 

beginning with 1 hour and 2 hours of conjugation, was obtained growth of possible 

conjugants in medium with the combination Em-Amp and was more efficient with a 

conjugal time of 2 hours. The above indicate that there is resistance genes 

transference for Erythromycin or Ampicillin (Table 2). Additionally, the morphology 

of both parental is slightly different.  L. sphaericus OT4b.31 colonies are bigger 

than those of L. sphaericus CBAM5. The comparison of the conjugants 

morphology with the parental suggests that, CBAM5 may be the recipient of the 

plasmid and OT4b.31 could be the donor (Figure 1). This is consistent with recent 

works which revealed that some of these strains has the Tra region, indicating that 

one of them have the machinery necessary for conjugation. The titles of parental 

and conjugants were 13, 0 x105 CFU/mL for the strain CBAM5, 3, 0 x 105 CFU/mL 

for OT4b.31 and 21,0 x 103 CFU/mL for conjugants, with an efficiency of 1,6% 

(Figure 2).  

 

 



 

 

Table 2. Conjugants growth 

Time Antibiotic Combination Growth 

1h 

Em-Amp + 

Em-Tmp - 

Em-Kan - 

Em-Amp-Kan-Tmp - 

2h 

Em-Amp + 

Em-Trim - 

Em-Kan - 

Em-Amp-Kan-Tmp - 

+: growth                     - : no growth 

 

 

 

 

 

 

Figure 1: Morphology of the two parental and the conjugants on LB agar. a: L. sphaericus 

CBAM5, b: L. sphaericus OT4b.31, c: conjugants 

a b c 



 

Figure 2: Parental and conjugants growth as CFU/mL in the in vitro assays 

 

Microcosm with oils sludges experiments 

 

Conjugants were obtained in sterile and non-sterile soil with oil sludge of 

°API: 32 but the colonies were countless. So the soil microcosm conjugation was 

carried out in sterile soil with the three types of oil sludge. Beginning with 

109CFU/mL of  each parental, after 4 days  the title down to 103- 104CFU/mL. At 

this time, conjugants from 32°API growth on LB agar with the selective pressure in 

a title of 52 x 103 CFU/mL i.e. 96,3% of efficiency.  The next 4 days were assessed 

conjugants in the remaining two oils and only growth those from 28 °API with 45 x 

C
FU

 



102CFU/mL. After 15 days of the initial inoculum, were obtained conjugants in the 

oil sludge of °API: 14 with 45x102 CFU/Ml. The efficiencies for these were 1, 04% 

and 1, 05% respectively (Figure 3 and 4). 

 

 

a. 

b. 



 

Figure 3: Parental and conjugants growth as CFU/mL in the assays with oils sludges. a 

CFU/mL in the oil sludge with °API: 32. b CFU/mL in the oil sludge with °API: 28.                  

c CFU/mL in the oil sludge with °API: 14. 

 

 

 

 

 

Figure 4: Conjugants determination in LB medium with Em-Amp from three different oils 

sludges. a. oil sludge with °API: 32 b oil sludge with °API: 28. c sludge with °API: 14. 

 

In all the treatments both parental strains were recovered but in a less title 

than that initially inoculated. This is consistent with previous studies where strains 

c. 

a
. 

b. c. 



of L. sphaericus are capable of bioremediate contaminated soils but the colonies 

have an initial decrease by the pressure of the pollutants (Veláquez & Dussan, 

2009). Even there were differences among parental title, conjugants were 

determined in vitro and in the microcosm with oils sludges (Figure 5). The 

statistical analysis showed that there are significant differences between the four 

environments (p-value= 867, 4 x10-8, α= 0, 05) and the greater efficiency was 

obtained with oil sludge of 32° API. Probably in this case, the conjugation was 

favored for having the highest title of both parental and for the possibility to 

promote cell-cell contact due low density of the oil sludge.     

 

Figure 5: Differences in the conjugants tittle among treatment.   

 

 

 



 

 Antibiotic resistance genes PCR 

 

Peña- Montenegro & Dussán (2013 and 2014) found that both strains are 

sensitive to erythromycin but CBAM5 is resistant at concentrations below 25µg/ml 

that does not resist the strain OT4b.31. Additionally, in the NCBI database was 

reported a protein associated to ATP-binding protein that has been found in 

resistance against this macrolide (Croce, et al, 2014). The amplification of 

erythromycin resistance ATP-binding protein resulted in a product close to the 

expected weight (271pb) that is consistent with the mentioned (Figure 6). 

Therefore, the conjugants maintained the genotype of the receptor strain.    

Otherwise, there are reports where Lysinibacillus sp. is sensitive to 

ampicillin in concentrations greater than 20µg/ml (Ahmed et al., 2014). Moreover, 

in the contig 72 of the genome sequence of OT4b.31 strain, where found a 

fragment of the Bacillus cereus β-lactamase. In this case, the amplifications where 

nonspecific, but in some conjugants there are products that could correspond to 

the expected (Figure 7).  Even not all the conjugants have the expected band 

(198pb), there was growth of these in LB medium with the selection pressure.   

 

 

 

 

 



 

 

 

Figure 6: Agarose gel (1, 5%) electrophoresis of PCR products resulted from erythromycin 

resistance ATP-binding protein primers, 2µl of sample were served in each well. Lane 1: 

negative control. Lane 2: L. sphaericus CBAM5. Lane 3: in vitro conjugant. Lane 4: 

Conjugant in oil sludge °API: 32. Lane 5:  Conjugant in oil sludge °API: 28. Lane 6: 

Conjugant in oil sludge °API: 14. WM: weight marker Gene Ruler 1kb DNA Ladder 

(Invitrogen) 

1 2 3 4 5 6 WM 

250pb 

500 pb 

217pb 



 

Figure 7: Agarose gel (1, 5%) electrophoresis of PCR products resulted from β-lactamasa 

primers, 2µl of sample were served in each well. WM: weight marker HyperLader II 2kb 

DNA (Bioline) Lane 1: negative control. Lane 2: L. sphaericus OT4b.31. Lane 3: in vitro 

conjugant. Lane 4: Conjugant in oil sludge °API: 32. Lane 5:  Conjugant in oil sludge °API: 

28. Lane 6: Conjugant in oil sludge °API: 14.  

 

4. Conclusions  

 

Conjugants between the strains L. sphaericus OT4b.31 and CBAM5 were 

obtained in vitro and in microcosm with oils sludges of different °API. Even was not 

possible reconfirm that the conjugants acquired both antibiotic resistance genes, 

selection markers allowed recover these. The oil sludge with 32°API potency 

conjugation with an efficiency of 96, 3%. Nevertheless, the other two oils sludges 

°API 28 and 14 not inhibit conjugation with a lower efficiency. These results could 

indicate that the strains can acquire other genes that improve the fitness in a 

microcosm.  

1 2 3 4 5 6 WM 

50pb

 
 217pb 

300pb 

200pb 



In the future would be interesting determine the transfer of aromatic compounds 

metabolism genes in the select conjugants. Thereby establish the horizontal 

transfer model identifying the strain receptor and the donor  
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