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ABSTRACT 

The objective of this research was to isolate bacteria of the Bacillus genus with bioremediation 

capacity through the use of selective culture media. The work was carried out in the research 

laboratory of the State University of Bolivar. Therefore, we started with 20 samples taken from 

the Amazon and Andean regions in Ecuador where there was contamination. To differentiate 

each sample, a code was established according to the area where the sample was taken: 

Guaranda (GD2, GD3, GD4, GD5, GD6, GD7) San Miguel (SM1, SM2, SM3, SP2) 

Shushufindi (SH1, SH2, SH3, SH4, SH5), and Minga (M1, M2, M3, M4, M5). The culture was 

carried out in selective media: Luria Bertani for obtaining bacterial cells and Bushnell Hass agar 

for growth and reproduction, these two media with the addition of 1% diesel. Bacterial isolates 

were obtained that were analyzed by Gram stain, from this test was possible to verify the 

existence of Gram + bacteria in 19 of the samples. The isolates were characterized at the species 

level, using biochemical techniques such as: Catalase, Starch Hydrolysis, Urea, Hemolytic 

Activity, Nitrate, which helped us to recognize Bacillus cereus bacteria (Sm1, Gda3, Gda4, 

Gda5, Gda6, Sha1 , Sha2, Sha3, Sha4, Sha5, M1, M2, M3, M4, M5) and β - hemolytic B. 

thuringiensis, (Sm2, Sm3, Gda2). Concluding that the culture media were specific for the 

isolation of the Bacillus genus, being able to isolate and characterize 18 out of the 20 samples 

analyzed. 
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INTRODUCTION 

In Ecuador, especially in the Amazon region, there is a high degree of contamination due to oil 

exploitation. Due to oil activity, there have been numerous dangerous events such as liquid and 

gaseous hydrocarbon spills, in addition to explosions due to pipeline leaks (Hernández 

Castellanos, 2016). 

All this deteriorates ecosystems, leaving soils and hydrological basins contaminated, generating 

atmospheric pollution and all of this results in phenomena such as global warming, climate 

change and modification of the biogeochemical cycles (Hernández Castellanos, 2016). 

Oil spills in water and soil cause irreparable damage to the ecosystem, which requires the 

immediate taking of preventive and/or corrective measures (Durval et al., 2019). In Ecuador, 

research in the area of heavy metals in soils is scarce, there are no reports or studies that allow 

us to obtain parameters to define whether an agricultural, residential or industrial soil is 

contaminated, or if the amount of metals present are within of acceptable levels. 

Nowadays, bioremediation has advanced as a viable option for the treatment of soils and water 

contaminated with hydrocarbons, which, unlike chemical and physical methods, the 

bioremediation offer many advantages, such as low cost, easy handling and do not generate 

environmental impact. Bioremediation is a mechanism by which certain microorganisms present 

in a given place eliminate a contaminant; Over time, the contamination caused by the spillage of 

hydrocarbons in soils and waters has forced the microorganisms present in them to adapt to the 

environment in order to survive, degrading the same pollutants, achieving long-term 

decontamination (García et al., 2019). 
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There are studies in which the metabolism of bacteria that degrade petroleum hydrocarbons, 

including: Bacillus, Gordonia, Pseudomonas, Acinetobacter, Mycobacterium, Brevibacterium, 

and Burkholderia, have been analyzed, where, bacteria of the Bacillus genus have been 

classified within the most suitable for biodegradable processes
 
(Oualha et al., 2019). 

At present, approximately 336 species have been included within this genus, most of these are 

important for the B. cereus group, so the Bacillus genus has a main mechanism of action to deal 

with diseases in plants, through the evolution of biopesticides and Biopesticides, in fact, B. 

cereus and B Thuringensis species are related to the bioremediation of water with hydrocarbons. 

(Villarreal-Delgado et al., 2018; Garzón et al., 2017). 

It is evident that the objective of bioremediation must be the elimination of hydrocarbons, that 

an adjustment is required in the C, N, and P ratio since the hydrocarbons are composed of 

carbon. But bacterial activities in the soil may not be appropriate to degrade them to 

mineralization levels due to the toxicity and complexity of the molecules. Some of the 

pollutants can be biotransformed and thus become more or less toxic and others become 

biodegradable, but others cannot be removed from the soil (Oualha et al., 2019; Merino-

Peñafiel et al., 2020). 

The application of biochemical techniques has made it possible to establish phenotypic 

relationships and evolutionary relationships between microorganisms, using the morphological 

description of cells isolated in culture media, with enormous repercussions on bacterial 

taxonomy, which has given rise to the current classification and identification system. Fast and 

accurate; among the most notable biochemical tests are: Urease, Catalase, Oxidase, Galactase, 

Indole, cellulose degradation (Soto Valenzuela, 2018; Mendoza & Flores, 2017; Cristea, 

2016). 

For this reason, the objective of this research was: Identify microorganisms of the Bacillus 

genus for the treatment of contaminated water and soils. 

MATERIALS AND METHODS 

This research was developed at the Universidad Estatal de Bolívar, Facultad de Ciencias 

Agropecuarias, Recursos Naturales y del Ambiente, Departamento de Investigación y 

Vinculación, in the Soil and Molecular Biology laboratories. 

Collection Of The Simple 

Twenty samples were randomly selected from 2 region in Ecuador (10 from the Amazon región 

“Shushufindi, Minga” and 10 from the andean region "Guaranda, San Miguel"); distributed as 

follows: Guaranda (GD2, GD3, GD4, GD5, GD6, GD7) San Miguel (SM1, SM2, SM3, SP2) 

Shushufindi (SH1, SH2, SH3, SH4, SH5), and Minga (M1, M2, M3, M4, M5). During the 

collection, 1 g of the soil surface (0–15 cm deep) were obtained from different regions exposed 

to oil, later the samples were transferred to the laboratory for analysis. 

Isolation Of Microorganisms Of The Bacillus Genus. 

For the isolation of these two species of the Bacillus genus (Bacillus thuringiensis, Bacillus 

cereus), it was started from a liquid culture in APT “BPW” medium (buffered peptone water). 

(EMD MILPORE, VM666728443, Germany), then it was plated on TSA Agar (tryptic soy 

agar): after that, re-plating was carried out as established by Maddela et al. (2015), where the 

soil contaminated with 1 g oil was dissolved in 10 mL of sterile saline solution and thoroughly 

homogenized, then 2.5 of the supernatant was transferred to 50 mL of Luria Bertani broth 

(TITAN BIOTECH, TM406, India) that contained (1% diesel), it was incubated in an orbital 

shaker at 37 °C for 48 h at 100 rpm. 

To obtain the cell pellet, the broth was centrifuged at 5000 rpm for 10 min, the pellet was 

washed twice with phosphate buffer (pH 6.8, 0.1M), then it was dissolved in a small volume of 

Bushnell Hass broth medium (TMMedia, TM053, India) (BH). Subsequently, 0.1 mL of this 

suspension was used to inoculate a BH + D agar plate. 

Finally, the plates are kept in the incubator for 7 days at 37 °C. The pure diesel-degrading 

bacteria cultures are isolated and stored at -80 °C using 25% glycerol + nutrient broth. 
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Initial Confirmation Of The Isolates Obtained 

Colonies with characteristic plate morphology were observed by Gram stain microscopy. The 

strains with specific characteristics to supposedly belong to the Bacillus genus presented in the 

form of a Gram + rod, later, they were frozen in cryovials (10% nutrient broth + glycerin). 

Characterization Of Isolated Microorganisms At The Species Level (Presumptive 

Biochemical Technique For Bacillus Cereus, And Bacillus Thuringiensis 

The presumptive isolates of Bacillus cereus were re-cultured following the protocol suggested 

by Kramer et al. (1982), which is based on the hemolytic and lecithinase capacity of this 

bacterium. To this end, serial dilutions were made from the stock solutions. The 1: 1000 dilution 

was inoculated on blood agar medium (CBA medium). 

The colonies that at 24 h of floods presented egg halos. Subsequently, the colonies that, 

incubated at 30 °C for 24 h, showed hydrolysis halos (lecithinase capacity) were isolated and 

purified. These colonies were considered as presumptive B. cereus. 

In summary, for the characterization of Bacillus at the species level through biochemical 

reactions, the following results were sought (Table 1). 

Table 1. Biochemical tests for identification of Bacillus 

Sample 

(Bacillus) 

Catalase Starch 

hydrolysis 

Urea Blood β Nitrate 

B.Thuringensis + + - - + 

B. Cereus + + + + - 

RESULTS AND DISCUSSION 

After culturing in the selective media, microorganisms were isolated from each sample 

analyzed. 

By means of Gram staining, 19 of the 20 isolated strains, as shown in figure 1, turned out to be 

Gram positive, forming short chains, in the same way ellipsoidal and central spores that do not 

deform the bacillus are observed; given that they have the characteristic bacillary shape of the 

genus under study according to Mendez-Ubeda et al. (2017). However, it was required to 

clearly elucidate between B. cereus and B. thuringiensis, for which, Biochemical identification 

techniques were applied. 

 

 

Figure 1. Gram stain in light microscope at 100X 

 

Biochemical tests for the identification of Bacillus. 

After carrying out the respective biochemical tests on all the isolates, positive (+) and negative 

(-) results were obtained, which are shown in Table 2. 
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Table 2. Results of biochemical tests on  

Code Catalase Starch hydrolysis Urea Blood β Nitrate 

Sm1 + + - + + 

Sm2 + + + - - 

Sm3 + + + - + 

Gda2 + + + - + 

Gda3 + + + + + 

Gda4 + + + + + 

Gda5 + + - + + 

Gda6 + + + + + 

Sha1 + + + + + 

Sha2 + + + + + 

Sha3 + + + + + 

Sha4 + + + + + 

Sha5 + + - + + 

M1 + + + + + 

M2 + + + + + 

M3 + + + + + 

M4 + + + + + 

M5 + + + + + 

bacterial isolates. 

Eighteen Bacillus isolates were obtained for their respective identification at the species level, 

the first biochemical test that was performed was the catalase test, in which Gram positive 

bacilli were observed due to the release of O2; this indicates the presence of the enzyme catalase 

(Figure 2) 

 

 

Figure 2. Catalase test. 

The identification of the cultures with hydrolytic capacity on starch was carried out by 

describing the morphological characteristics of the colonies, these colonies being creamy, large, 

medium, small and with irregular edges; and according to their staining characteristics, they 

were Gram positive bacilli which are Bacillus cereus and B. thuringiensis (Zavaleta, 2018) 

The urea test carried out to know the Bacillus cereus, obtained positive results in the following 

strains (Sm2, Sm3, Gda2, Gda3, Gda4, Gda6, Sha1, Sha2, Sha3, Sha4, M1, M2, M3, M4, M5) 

the negative strains (Sm1, Gda5, Sha5) were considered to belong to the Bacillus thuringiensis 

species. 
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Figure 3. Urea Test. 

Later, it was determined that there are hemolytic characteristics, so that B. cereus is strongly β-

positive hemolytic, (Sm1, Gda3, Gda4, Gda5, Gda6, Sha1, Sha2, Sha3, Sha4, Sha5, M1, M2, 

M3, M4, M5) B. thuringiensis β-negative hemolytic, (Sm2, Sm3, Gda2). 

 
Figure 4. Hemolytic activity test. 

Of the 18 isolates of bacteria selected, with this method, 15 isolates with β + hemolytic 

characteristics, positive catalase (evolution of gas formation of bubbles), urease + reaction were 

obtained, there was a greenish color change, Gram positive, and 3 of the isolates it was 

determined that they are Bacillus thuringiensis, given that it presented characteristics of β- 

hemolysis; which allowed locating the two isolates within the  Bacillus genus, these data were 

compared and contrasted with the results of biochemical tests performed Cortés et al. (2018), y 

Mendez-Ubeda et al. (2017). 

CONCLUSION 

The optimal culture medium for the development and growth of Bacillus microorganisms was 

the combination of luria Bertani and Bushnell Hass media, with results that show more than 

80% of isolates specific for the genus of interest. 

ACKNOWLEDGMENTS 

The authors express their gratitude to the Bolivar State University and to the debt Exchange 

program Ecuador – Spain, for the support received for carrying out the present work.  

 

BIBLIOGRAPHY 

1. Cortés-Sánchez, A.D., Díaz-Ramírez, M., Guzmán-Medina, C.A. (2018). Sobre 

Bacillus cereus y la inocuidad de los alimentos (una revisión). Revista de Ciencias, 

22(1): 93–108. https://doi.org/10.25100/rc.v22i1.7101 

2. Cristea, A. (2016). Caracterizar la diversidad metabólica de las comunidades 

heterótrofas y del consorcio de bacterias de los géneros Pseudomona spp en la rizósfera 

de la planta Erigeron bonariensis L. y de las bacterias degradadoras de celulosa de la 

planta Portulaca olerac. Revista Brasileira de Ergonomia, 9(2): 10. 

https://doi.org/10.5151/cidi2017-060 

3. Durval, I. J. B., Resende, A. H. M., Ostendorf, T. A., Oliveira, K. G. O., Luna, J. M., 

Rufino, R. D., & Sarubbo, L. A. (2019). Application of Bacillus cereus UCP 1615 

biosurfactant for increase dispersion and removal of motor oil from contaminated 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 8764 - 8770 

Received 05 March 2021; Accepted 01 April 2021.  
 

8769 
 
http://annalsofrscb.ro 

seawater. Chemical Engineering Transactions, 74: 319–324. 

https://doi.org/10.3303/CET1974054. 

4. Garzón, J.M., Rodríguez-Miranda, J.P., Hernández-Gómez, C. (2017). Revisión del 

aporte de la biorremediación para solucionar problemas de contaminación y su relación 

con el desarrollo sostenible. Rev Univ. Salud. 19(2):309-318.DOI: 

http://dx.doi.org/10.22267/ rus.171902.93 

5. García, J., Peñafiel Heredia, D., & Rodríguez, R. (2019). Bioremediación de 

hidrocarburos en aguas residuales con cultivo mixto de microorganismos: caso 

Lubricadora Puyango. Enfoque UTE, 10(1), 185–196. 

https://doi.org/10.29019/enfoqueute.v10n1.312 

6. Hernández Castellanos, N. D. (2016). Establecimiento de un proceso de 

biorremediación usando Stenotrophomonas maltophilia. 59. https://www.uv.mx/ 

pozarica/mca/files/2012/10/Hernandez-Castellanos.pdf 

7. Kramer, J.M., Turnbull, PCB., Munshi, G., Gilbert, R.J. (1982). Identification and 

Characterization of Bacillus cereus and other Bacillus species Associated with Foods 

and Food Poisoning. In: Isolation and Identification Methods for Food Poisoning 

Organisms, Corry, J.E.L. (Ed.). Academic Press, London, pp: 261-286. 

8. Maddela, N. R., Masabanda, M., & Leiva-Mora, M. (2015). Novel diesel-oil-degrading 

bacteria and fungi from the Ecuadorian Amazon rainforest. Water Science and 

Technology, 71(10): 1554–1561. https://doi.org/10.2166/wst.2015.142 

9. Mendez-Ubeda, J., Flores Hernandez, M., Paramo-Aguilera, L. (2017). Isolation and 

identification of Bacillus subtilis and evaluation of antagonism in vitro against 

phytopathogenic fungi. Nexo, 30(02): 96–110. 

10. Mendoza, J., & Flores, C. (2017). Biorremediación De Suelo Contaminado Con 

Hidrocarburos Por Derrames De La Estación De Servicio En El Campamento De 

Guarumales-Celec. Tesis de grado, Universidda de Cuenca, pp: 129. 

http://dspace.ucuenca.edu.ec/bitstream/123456789/27211/1/tesis.pdf 

11. Merino-Peñafiel, O., Chávez Machado, J., Bayas-Morejón, F., Tigre-León, A., Merino, 

M., Arreguín, M.,  Román, A. (2020). Effect of Carbon-Nitrogen in the native 

Beauveria bassiana production by solid fermentation in Ecuador. ARPN Journal of 

Engineering and Applied Sciences, 15 (8): 1011-1015. 

12. Oualha, M., Al-Kaabi, N., Al-Ghouti, M., Zouari, N. (2019). Identification and 

overcome of limitations of weathered oil hydrocarbons bioremediation by an adapted 

Bacillus sorensis strain. Journal of Environmental Management, 250:109455. 

https://doi.org/10.1016/j.jenvman.2019.109455 

13. Soto Valenzuela, J.O. (2018). Caracterización bioquímica y molecular de bacterias 

asociadas a nódulos de cuatro leguminosas en la provincia de Santa Elena, Ecuador. 

Ciencia Ergo Sum, 25 (1): 1-11. 

14. Villarreal-Delgado, M. F., Villa-Rodríguez, E. D., Cira-Chávez, L. A., Estrada-

Alvarado, M. I., Parra-Cota, F. I., & De los Santos-Villalobos, S. (2018). El género 

Bacillus como agente de control biológico y sus implicaciones en la bioseguridad 

agrícola. Revista Mexicana de Fitopatología, Mexican Journal of Phytopathology, 

36(1): 95–130. https://doi.org/10.18781/r.mex.fit.1706-5 

15. Zavaleta, R. A. (2018). Aislamiento y selección de cultivos nativos de Bacillus sp. 

productor de amilasas a partir de residuos amiláceos del mercado La Hermelinda, 

Trujillo, Perú. Revista Rebiol, 36(2), 16–26. 

 

 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 8764 - 8770 

Received 05 March 2021; Accepted 01 April 2021.  
 

8770 
 
http://annalsofrscb.ro 

 

 


