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SUMMARY

Bioremediation, is currently one of the most studied 
techniques for the elimination of polycyclic aromatic 
hydrocarbons in soils. However, in order to have a more 
efficient degradation process, the use of autochthonous 
bacteria from the contaminated region is recommended 
because these bacteria are adapted to the climatic and 
environmental conditions of the site to be remedied. 
The aim of this work was to isolate and characterize 
bacteria strains from the city of Reynosa, Mexico, with 
the potential to degrade naphthalene. Strain isolation 
was carried out whit soil samples from the shore of 
“La Escondida” lagoon, a former landfill of pollutants 
of the petrochemical industry. The isolates were sub-
jected to the emulsion index test as a selective factor 
to later evaluate their effect in the drop collapse, drop 
displacement and naphthalene tolerance tests. Finally, 
sixty-two strains were identified by amplification of the 
16S rRNA gene. Ten strains showed the best values in 
the drop collapse, oil displacement and naphthalene 
tolerance tests. Four strains had the best naphthalene 
degradation potential; Pseudomonas aeruginosa (1P2 
and 5P2), Bacillus cereus (5S1) and Bacillus subtillis 
(P52). A degradation of naphthalene was observed in 
the IR spectrum and UPLC chromatogram after 12 
days by 1P2 strain.

Keywords: bioremediation, soils, polycyclic aromatic 
hydrocarbon, Pseudomonas.

RESUMEN

La biorremediación, es actualmente una de las técnicas 
más estudiadas para la eliminación de hidrocarburos 
aromáticos policíclicos en suelos. Sin embargo, para 
tener un proceso de degradación más eficiente, se re-
comienda el uso de bacterias autóctonas de la región 
contaminada debido a que estas bacterias están adap-
tadas a las condiciones climáticas y ambientales del 
sitio a remediar. El objetivo de este trabajo fue aislar y 
caracterizar cepas de bacterias de la ciudad de Reynosa, 
México, con potencial para degradar naftaleno. El ais-
lamiento de la cepa se realizó con muestras de suelo de 
la orilla de la laguna "La Escondida", antiguo vertedero 
de contaminantes de la industria petroquímica. Los 
aislados se sometieron a la prueba del índice de emulsión 
como factor selectivo para luego evaluar su efecto en 
las pruebas de colapso de gota, desplazamiento de gota 
y tolerancia a naftaleno. Finalmente, se identificaron 
sesenta y dos cepas mediante amplificación del gen 16S 
rRNA. Diez cepas mostraron los mejores valores en las 
pruebas de colapso de gota, desplazamiento de aceite 
y tolerancia a naftaleno. Cuatro cepas tenían el mejor 
potencial de degradación de naftaleno; Pseudomonas 
aeruginosa (1P2 y 5P2), Bacillus cereus (5S1) y Bacillus 
subtillis (P52). Se observó una degradación de naftaleno 
en el espectro IR y cromatograma UPLC después de 
12 días por la cepa 1P2.



Palabras clave: biorremediación, suelos, hidrocarburo 
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RESUM: 

La bioremediació, és actualment una de les tècniques 
més estudiades per a l’eliminació d’hidrocarburs aro-
màtics policíclics en sòls. Tanmateix, per tal de tenir 
un procés de degradació més eficient, es recomana l’ús 
de bacteris autòctons de la regió contaminada perquè 
aquests bacteris s’adapten a les condicions climàtiques 
i ambientals del lloc a esmenar. L’objectiu d’aquest 
treball era aïllar i caracteritzar soques de bacteris de la 
ciutat de Reynosa, Mèxic, amb el potencial de degradar 
naftalè. L’aïllament de soques es va dur a terme amb 
mostres de sòl de la riba de la llacuna "La Escondida", 
un antic abocador de contaminants de la indústria 
petroquímica. Els aïllats es van sotmetre a la prova 
d’índex d’emulsió com a factor selectiu per avaluar 
posteriorment el seu efecte en les proves de col·lapse 
de gota, desplaçament de gota i tolerància a la naftale 
Finalment, es van identificar seixanta-dues soques 
mitjançant l’amplificació del gen de l’ARNr 16S. Deu 
soques van mostrar els millors valors en les proves de 
col·lapse de gota, desplaçament d’oli i tolerància a la 
naftale. Quatre soques tenien el millor potencial de 
degradació del naftalè; Pseudomonas aeruginosa (1P2 
i 5P2), Bacillus cereus (5S1) i Bacillus subtillis (P52). Es 
va observar una degradació de naftalè a l’espectre IR i al 
cromatograma UPLC després de 12 dies per la soca 1P2.

Paraules clau: bioremediació, sòls, hidrocarburs 
aromàtics policíclics, pseudomonas

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are 
compounds derived from petroleum, from incomplete 
combustion, from industrial processes and from 
insecticide residues. These hydrocarbons have been 
considered highly carcinogenic and mutagenic 
compounds for humans. Due to their abundance in 
the environment and their carcinogenic characteristics, 
they have been considered one of the most abundant 
pollutants in ecosystems. Several techniques have 
been developed to solve pollution problems caused 
by hydrocarbons. Chemical oxidation using oxidants 
such as ozone, hydrogen peroxide, permanganate and 
persulfate, seems to be a promising technique1, 2, 3. 
However, chemical oxidation causes negative effects 
in the environment and in humans. In recent decades, 
an environmentally friendly and interesting strategy 
to solve this problem is the remediation of soils 
using microorganisms4, 5 that have the ability to use 
hydrocarbons as an energy source in contaminated 
environments6. Microbial degradation helps eliminate 
hydrocarbons that are spilled in the environment 
through various physical and chemical methods7. This 
is possible because microorganisms have enzymes that 
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degrade and use hydrocarbons as a source of carbon 
and energy8, 9.

Some authors have shown that a useful strategy is 
to combine a chemical remediation method with a 
bacterial consortium to exploit the complementarity of 
the two approaches; thus, the organic solvents are used 
to solubilize the total petroleum hydrocarbons (TPH), 
and the PAHs increase contact with the degradation 
bacteria10, 11. In addition, studies show that the use of 
a consortium of native bacterial isolates directly from 
contaminated soil increases efficiency in remediation12. 
The use of the native microbiota for bioremediation of 
contaminated soils is of great interest, since it is expected 
that these microorganisms are much more adapted to the 
particular environment of the soil microbial inoculants 
than the non-native commercial ones. Although, many 
times the natural microbiota does not show the capacity 
to efficiently degrade polluting compounds, the use 
of these native microorganisms in inoculants with 
improved activity (native bioaugmentation) is being 
sought13, 14 as a possible means to improve the success 
of the process. These findings encourage the isolation 
of native bacterial strains from contaminated soils. 
Based on the aforementioned, the objective of this work 
was to isolate and characterize native bacteria from 
Reynosa, Mexico with a potential for PAHs degradation, 
in particular naphthalene.

MATERIALS AND METHODS: 

Soil Samples
Samples of contaminated soil were collected in the 

“La Escondida” lagoon, a site recognized as a landfill of 
the “PEMEX” refinery in Reynosa, Mexico. In this place 
(26.047692, -98.270419), two samples from each of the 
five points (1 kg) were collected: one at 10 cm (surface 
sample “S”) and another at 20 cm (depth sample “P”). 
The soil samples were oven dried at a range of 35 to 
40 °C for 3 to 5 days. Then, the samples were crushed 
and sieved (No. 20, 850 μM) and weighed at 1 g to 
process them later.

Isolation of Microorganisms
Initially, 1 g of the homogenized soil sample was 

inoculated in 100 mL of minimal saline medium (MSM: 
NaCl 24 g, KCl 0.7 g, KH2PO4 2 g, 1 g MgSO4.7H2O, 
Na2HPO4 3 g, 0.2 g CaCl, 2H2O; pH 7.0, 1 L sterile 
distilled water); pH 7.0 was adjusted using NaOH, in a 
250 mL Erlenmeyer flask. The flasks were incubated at 
30 °C and 37 °C at 180 rpm for 24 to 72 h. Subsequently, 
serial dilutions were made at 1:1000 and 100 μL of 
the medium was inoculated into Petri dishes with 
Nutrient agar (NA) (Bioxon) and Pseudomonas agar 
(PA) (Bioxon). The inoculated plates were incubated 
24 to 72 h at the set temperatures. Each colony with 
a different macroscopic morphology was selected and 
inoculated with a platinum loop in 50 mL falcon tubes 
with 10 mL of nutrient broth. These were then incubated 
at the set temperatures, at 180 rpm during, until obtain 
an absorbance of 1 to 600 nm.
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Macroscopic and Microscopic Identification of 
the Strains

Identification of the strains was carried out conside-
ring the criteria established15, 16 according to the cha-
racteristics of culture and morphology of the colonies 
obtained. In addition, Gram staining and the catalase 
test were carried out.

Emulsion Index
Initially, the emulsion index (EI) at different times 

was determined as a first condition (EI> 30 %) for 
the selection of isolates with polycyclic aromatic 
hydrocarbon degradation potential. Subsequently, 
the selected isolates were tested for drop collapse, oil 
displacement and naphthalene tolerance.

The EI was determined in all isolates according to the 
procedure reported17 modifying the growth conditions. 
The EI was determined in two suspensions: cells and free 
cells at 2 min, 2, 24 and 48 h. The calculation of the EI was 
made using the formula and categorization established18. 
Milli-Q® ultrapure water was used as a negative control 
and 10 % Tween 80 (non-ionic surfactant) and 10 % sodium 
dodecyl sulfate (SDS) (anionic surfactant) as positive 
controls. The data of the EI obtained were subjected to an 
analysis of variance and the Tukey test with a significance 
of p= 0.05.

To carry out the drop collapse, oil displacement and 
tolerance to naphthalene tests, the isolates from the 
tubes with inclined NA and PA were grown in 50 mL 
conical tubes with 10 mL of nutrient broth (NB) until 
optical density (OD)600 = 1 nm. Once the isolates were 
grown, each of the tests was continued following the 
methodology described below.

Drop Collapse Test
The drop collapse test was used to determine 

in the isolates, the production of biosurfactants 
with solubilizing activity. The test was carried out 
according to the method described19 modifying the 
growth conditions of the isolates to be evaluated. The 
hydrocarbon used was SAE 40 motor oil. Milli-Q® 
ultrapure water was used a negative control and 10 % 
Tween 80 and 10 % SDS as positive controls.

Oil Displacement Test
This test was performed based on the method des-

cribed20, modifying the growth conditions and the 
volumes reported. PBS 1X (phosphate buffered saline) 
was used as a negative control and 10 % Tween 80 and 
10 % SDS as positive controls.

Naphthalene Tolerance Test
This test was carried out according to the method21, 

modifying the growth conditions, the contaminant 
and the volumes reported. Naphthalene was used at 
concentrations of 1 %, 5 % and 10 %. As a control, 
plates with NA without naphthalene were used. The 
evaluation of tolerance to the different concentrations of 
naphthalene was done based on the number of colony-
forming units (CFU) present in each isolate. All the 
experiments were performed in triplicate.

Molecular Identification Using 16S rRNA
To perform molecular identification as a first step, 

genomic DNA extraction (gDNA) was carried out 
following the gDNA Isolation protocol of Gram-positive 
and Gram-negative bacteria from the Wizard® Genomic 
DNA Purification Kit (Promega). Subsequently, it was done 
by amplifying the 16S rRNA region with the polymerase 
chain reaction (PCR) using universal oligonucleotides 
for bacteria, 27F (5’GAAGTTTGATCMTGGCTCAG 3’) 
and 1492R (5’GCGCTACCTTGTTACGACTT 3’)22. As 
amplification conditions, 94 °C was used for 1 min; 30 
cycles at 94 °C for 1 min, 60 °C for 1 min and 72 °C for 
1 min; 72 °C for 3 min with a SimpliAmp thermocycler 
(Applied Biosystems). The reaction was prepared using 1 
X Taq DNA polymerase buffer, 2.5 mM MgCl2, 0.2 μM 
foward primer, 0.2 μM reverse primer, 0.2 mM dNTPs, 
1.25 U of Taq DNA polymerase, 50 ng of DNA, adjusted 
to a volume of 25 μL with sterile Milli-Q® ultrapure water. 
The PCR products were purified with EXO-SAP and 
sequenced in Eurofins GTM Operon LLC (Louisville 
KY, USA). The sequences were analyzed and assembled 
in LASERGENE subsequently aligned in NCBI.

Analysis of Degradation of Naphthalene by IR 
and UPLC-MS

The selected strain was inoculated in 50 mL falcon 
tube with 10 mL of NA and incubated for 24 h at 37 °C 
at 180 rpm until obtaining an absorbance of 1 at 600 nm. 
The analysis of the degradation was evaluated using a 
co-substrate (yeast extract), in an Erlenmeyer flask (250 
mL) 100 mL of Bushnell Haas liquid medium (BH), 0.5 
g of yeast extract and 500 mg/L of naphthalene were 
added. Subsequently, the flask was inoculated with 1 
mL of the previously grown selected isolate. The growth 
of the isolate was monitored by taking 1 mL aliquots at 
different times (1, 2, 3, 4, 5, 6, 7 and 8 days), the aliquots 
were read at 600 nm. Once growth was observed, the 
selected isolate was reintroduced in fresh medium BH 
with 0.5 % yeast extract for 24 h at 37 °C at 180 rpm, until 
obtaining an absorbance of 1 at 600 nm. Subsequently, 
from the growth described above, 1 mL samples were 
taken and inoculated in flask containing 100 mL of BH 
medium with 0.5 g of yeast extract and 500 mg/L of 
naphthalene.

To determinate the degradation of naphthalene, the 
strain was incubated in triplicate for 12 days at 37 °C 
at 180 rpm. After the incubation time, the extraction 
of the naphthalene residue was carried out, adding 50 
mL of ethyl acetate to the samples and two washes 
were carried out with 25 mL of the aforementioned 
solvent. Subsequently, the separation of the solvent was 
carried out with a Buchi rotavapor (at 240 mbar, at 50 
°C for 30 min) and the extracted product was analyzed 
by FTIR (“BRUKER” ALPHA’s Platinum ATR). Also, 
the extracted product was dissolved with HPLC-grade 
dichloromethane and transferred to Eppendorf tubes 
of 1.5 mL, the dichloromethane was allowed to evapo-
rate for 24 h and 100 μL of dimethylsulfoxide (DMSO) 
and 900 μL of HPLC-grade methanol were added. The 
Eppendorf tubes were vortexed for 1 min and 100 μL 
was taken to transfer them to another Eppendorf tube 
with 900 μL of methanol. The samples were filtered 
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with 22 μm filters and transferred to vials for analysis 
in Ultra-Performance Liquid Chromatographic (UPL). 
The analysis was performed with an ACQUITY QDA® 
mass detector from Waters (Milford, MA, USA), using 
an ACQUITY UPLC®BEH C18 1.7 μm 2.1 x 100 mm 
column and the mobile phases “A” (formic acid at 1 % in 
water), “B” (methanol) and “C” (acetonitrile). The execu-
tion time was 0.5 to 5 minutes, with a flow rate of 0.3 mL/
min of the phases (27 % A: 25 % B, 48 % C), an injection 
volume of 3.0 μL and a column temperature of 50 °C.

RESULTS: 

Isolation of Microorganisms
Of the five sampling points, both superficial and deep, 

62 isolates of the “La Escondida” lagoon were obtained 
in two different solid mediums (NA and PA) at two 
different temperatures. Twenty isolates grew at 30 °C 
and 42 were isolated at 37 °C (Appendix A), according 
to the origin, 28 isolates were from the surface and 34 
were from depth.

Macroscopic and Microscopic Identification of 
the Strains

Macroscopic and microscopic identification (Appendix 
B) as well as Gram staining and the catalase test were
performed on the isolates obtained. In Annex A, 62
colonies obtained are shown; 42 grew in NA and 20
grew in PA, observing a different macroscopic and
microscopic morphology in the strains identified.
According to the macroscopic identification, 31 %
isolated showed a white color, 72 % presented a circular 
shape, 62 % maintained a pulvinated elevation, 66
% an entire margin and 45 %, a creamy consistency.
According to the microscopic identification 78 % were 
bacilli, with 23 % of small size, 64 % are gram-negative
and 55 % presented a positive catalase test.

Emulsion Index Test
The EI was determined for all isolates; 10 isolates 

(4S3, MP31, 1P2, 5S1, 5P1, 5P2, S53, P52, P32 and P41) 
presented the best EI (Fig. 1); therefore, theses isolates 
were selected for subsequent tests.

Fig. 1.  Isolates (top ten) with the best emulsion index 
(value> 30%).

Drop Collapse, Oil Displacement and Naphtha-
lene Tolerance Test

The results obtained from the drop collapse, oil dis-
placement and naphthalene tolerance tests of the 10 
selected isolates are shown in (Appendix C). The pur-
pose of this classification was to differentiate and detect 
the bacteria that had the best potential for naphthalene 
degradation. The isolates that showed the best degrada-
tion profile (3 positive tests) were 1P2, P52, 5S1 and 5P.

Molecular Identification Using 16S rRNA
Once the isolates with the greatest degradation poten-

tial were detailed, they were identified by amplification 
of the 16S rRNA gene. The results obtained from the 
bacterial identification by homology analysis with the 
16S rRNA gene are shown in table I. The 1P2 and 5P2 
bacteria were identified as Pseudomonas aeruginosa, 
obtaining 99-100 % identity. The bacterium P52 was 
identified as Bacillus subtilis with 98 % identity, and 
the bacterium 5S1 as Bacillus cereus with 99 % identity. 

Table 1. Molecular identification of the isolates obtained..

Isolated Description of the organism Identity Access number

4S3 Pseudomonas sp. SWI36 92 % CP026675.1

MP31 Bacillus cereus strain ATCC 
14579 99 % NR_074540.1

1P2 Pseudomonas aeruginosa DMW 100 % MH760805.1
5S1 Bacillus cereus DFT-6 99 % KY750690.1

5P1 Brachybacterium paraconglom-
eratum strain LMG 19861 97 % NR_025502.1

5P2 Pseudomonas aeruginosa 
VRF_227 99 % JX970975.1

S53 Bacillus thuringiensis  strain 
ATCC 10792 98 % NR_114581.1

P52 Bacillus subtilis 168 99 % NR_102783.2

P32 Lysinibacillus boronitolerans 
strain NBRC 103108 97 % NR_114207.1

P41 Lysinibacillus boronitolerans 
strain NBRC 103108 96 % NR_114207.1

Degradation of Naphthalene 
The 1P2 strain (Pseudomonas aeruginosa) was selected 

for the degradation of naphthalene. This experiment was 
analyzed by IR and UPLC in two times: 0 and 12 days 
after incubation. Naphthalene at 0 h shown two repre-
sentative peaks at 773 cm-1 (C-H aromatic) and 1360-1610 
(C-H, vibration of aromatic skeleton) (Fig. 2a). After the 
incubation by 12 days with the 1P2 strain, the sample 
obtained showed new peaks at 3200-3400 (vibration peak 
of hydroxyl group) and 1724 (carboxyl group) (Fig. 2b). 

a)
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Fig. 2. Infrared spectrums of naphthalene in two times: 
0 h (a) and 12 days (b) after incubation with the 1P2 

strain.

The UPLC chromatogram of the samples after 12 days 
of incubation shown three peaks of metabolites of deg-
radation (Fig. 3): Salicylaldehyde (rt= 0.62 min; 122.12 
m/z), 1,2-dihydroxynaphthalene (rt= 0.8 min; 160.17 
m/z) and 3-fumaril pyruvate (rt= 0.82, 186.12 m/z). 

Figure 3. Chromatogram of naphthalene sample incubat-
ed with 1P2 strain after 12 days.

DISCUSSION

Regarding the isolation of microorganisms, 62 isolates 
were obtained. The greatest number of colonies were 
obtained from the depth (34 isolates); this can be attri-
buted to the greater number of nutrients in the depth 
and to more stable environmental conditions according 
to23. The results of the isolation are similar to those 
presented24, who reported 66 bacteria isolated from 
solid residues of crude oil. Also, in 201725 reported 45 
isolates from samples from a refinery of the Indian Oils 
Corporation, where 15 isolates were grown in enriched 
media and 30 isolates were grown in non-media enri-
ched. The macroscopic and microscopic identification 
of the isolates showed differences between strains from 
NA and PA medium. This could be attributed to the fact 
that NA is a basic medium that facilitates the culture 
of various bacteria, while PA is a selective medium for 
the genus of Pseudomonas. Results showed few isolates 
of this genus. 

The emulsion test (cell and cell-free) has been used 
for the detection of biosurfactants with emulsifying 
activity by various authors and could be used as an 
inclusion criterion to select isolates with a potential 
degradation of PAHs26, 27, 28. This test was carried out 
at different times to measure (EI). From the 60 isolates 
tested, 10 strains showed a better EI percentage (>30 
%) than the positive control (10 % Tween 80) after 48 
h in cell or free-cell. Only 4 strains (4S3, 1P2, 5P1 and 
PS2), showed better eI percentage in both samples than 
the positive control. However, we decided to test the 
10 strains in the next experiments.

Drop collapse and oil displacement are two tests used 
for the detection of biosurfactants with emulsifying, 
solubilizing, and/or dispersing characteristics. These 
molecules could help better degrade PHAs; however, 
the results only showed that P52 had a similar biolo-
gical behaviour to positive controls. The isolates, 1P2, 
5S1, and 5P2, were positive in both tests but with an 
effect less than the positive control. P32 and P41 only 
showed positive oil displacement, which suggests that 
these isolates only produce dispersing molecules.

Additionally, tolerance to naphthalene has been 
related to the ability to degrade PHAs; therefore, the 
isolates 4S3, 1P2 and 5P2, could have the best degrada-
tion potential. When analyzing all the tests, only four 
strains (1P2, P52, 5S1 and 5P2) that presented positive 
tests were identified as P. aeruginosa, B. subtilis and 
B. cereus. Also, 4S3 isolated with high tolerance to
naphthalene was identified as P. aureginosa. The strain
P. aeruginosa in several reports has been identified as a
naphthalene degrader29. Similarly, strains of B. subtilis
(M16K and M19F) have been reported as petroleum
oil and phenanthrene degraders30.

Based on the results of the selective tests and the 
background of bacteria reported from the same ge-
nus, it is possible that the 10 isolates evaluated and 
identified have potential for the degradation of PHAs. 
Therefore, 1P2 strain was selected to analyze degra-
dation of naphthalene. Results of the IR and UPLC 
analysis shown that the naphthalene after 12 days of 
incubation produce metabolites as salicylaldehyde, 
1,2-dihydroxynaphthalene and 3-fumaril pyruvate. 
These metabolites suggest a degradation of naphtha-
lene by the 1P2 strain.

CONCLUSIONS

Based on the results of the selective tests and the 
background of bacteria reported from the same genus, 
it is possible that the 10 isolates evaluated and identified 
have potential for the degradation of PAHs. Therefore, 
1P2 strain was selected to analyze degradation of naph-
thalene. Results of the IR and UPLC analysis shown that 
the naphthalene after 12 days of incubation produce 
metabolites as salicylaldehyde, 1,2-dihydroxynaphtha-
lene and 3-fumaril pyruvate. These metabolites suggest 
a degradation of naphthalene by the 1P2 strain.

b)
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APPENDIX

Appendix A 
Isolates from the “La Escondida” lagoon

Sampling points Liquid Medium
Solid Medium

Nutrient Agar Pseudomonas Agar
30°C 37°C 30°C 37°C

1

S

Minimum Saline Medium 30 and 
37°C

Dilutions 1:10, 1:100

1S-1 (MS1-1) 1S-1 1S-1 1S-1
1S-2 (MS1-2) 1S-2 1S-2 1S-2
1S-3 (MS1-3) - 1S-3 1S-3

D
1P-1 (MP1-1) 1P-1 1P-1 1P-1
1P-2 (MP1-2) 1P-2 - 1P-2

1P-3 1P-3 - -

2

S

2S-1 (MS2-1) 2S-1 2S-1 2S-1
2S-2 (MS2-2) 2S-2 2S-2 2S-2

2S-3 2S-3 2S-3 -
2S-4 2S-4 - -
2S-5 - - -

D

2P-1 (MP2-1) 2P-1 2P-1 2P-1
2P-2 (MP2-2) 2P-3 2P-2 2P-2
2P-3 (MP2-3) - 2P-3 2P-3
2P-4 (MP2-4) - - -

3

S

3S-1 (MS3-1) 3S-1 3S-1 3S-1
- 3S-2 3S-2 3S-2
- 3S-3 3S-3 3S-3
- - - 3S-4

D

3P-1 (MP3-1) 3P-1 3P-1 3P-1
3P-2 3P-2 3P-2 3P-2

3P-3 (MP3-3) 3P-3 3P-3 3P-3
3P-4 (MP3-4) 3P-4 - 3P-4

- 3P-5 - -

4

S

4s-1 (MS4-1) 4S-1 4S-1 4S-1
4S-2 4S-2 4S-2 4S-2

4s-3 (MS4-3) 4S-3 4S-3 4S-3
4s-4 4S-4 4S-4 4S-4

- 4S-5 4S-5 -

D

4P-1 (MP4-1) 4P-1 4P-1 4P-1
4P-2 (MP4-2) 4P-2 4P-2 4P-2
4P-3 (MP4-3) 4P-3 4P-3 4P-3

4P-4 4P-4 4P-4 4P-4
4P-5 (MP4-5) 4P-5 4P-5 -

5

S

5s-1 (MS5-1) 5S-1 5S-1 5S-1
5S-2 (MS5-2) 5S-3 5S-2 5S-2

- 5S-4 5S-3 5S-3
- - - 5S-4

D

5P-1 (MP5-1) 5P-1 5P-1 5P-1
5P-2 (MP5-2) 5P-2 5P-2 5P-2
5P-3 (MP5-3) 5P-3 5P-3 -

- - 5P-4 -
- - 5P-5 -
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Appendix B
Morphological identification of bacterial isolates.

IDENTIFICATION

Isolated
Macroscopic Microscopic Gram 

stain
Catalase 

testColor Form Elevation Margin Consistency Form Description

Nutrient 
Agar

30 °C

1S-1 (MS1-1) - Rhizoid Crateriform Dispersed - Bacilli Small - +

1S-2 (MS1-2) - Circular Pulvinated Entire - Cocci Staphylococci + -
1S-3 (MS1-3) - Circular Pulvinated Entire - Bacilli Short + -
1P-1 (MP1-1) White Circular Pulvinated Wavy Filamentous Bacilli Big- sporulated + +
1P-2 (MP1-2) White Circular Pulvinated Entire Arenosa Bacilli Thin - -
2S-1 (MS2-1) White Irregular Convex Filiform Creamy Bacilli Small - +
2S-2 (MS2-2) Translucent Circular Pulvinated Entire - Bacilli Small - -
2P-1 (MP2-1) White Circular Pulvinated Entire Creamy Bacilli medium -thin - -
2P-2 (MP2-2) Translucent Circular Pulvinated Entire - Bacilli Small - +
2P-3 (MP2-3) White Circular Convex Entire Creamy Cocci Streptococci + -
2P-4 (MP2-4) Translucent Circular Convex Entire - Bacilli Short + -
3S-1 (MS3-1) Translucent - Convex Wavy - Bacilli Small - +
3P-1 (MP3-1) White Circular Convex Entire Creamy Bacilli Short + -
3P-3 (MP3-3) White Circular Pulvinated Entire Creamy Bacilli Small - -
4s-1 (MS4-1) Translucent Circular Convex Entire - Bacilli Small - -

4s-3 (MS4-3) Yellow Circular Pulvinated Entire Creamy Diplo-
coccus - - +

4P-1 (MP4-1) White 
Translucent Irregular High Wavy - Bacilli Small - -

4P-2 (MP4-2) Translucent Circular Pulvinated Entire - Bacilli Small - -

4P-3 (MP4-3) Beige 
Translucent Circular Pulvinated Entire - Diplo-

coccus - - +

4P-5 (MP4-5) White Circular Pulvinated Entire Creamy Bacilli Inclined -me-
dium - -

5s-1 (MS5-1) White Circular Convex Entire Creamy Bacilli Medium + +

5S-2 (MS5-2) Beige Irregular Pulvinated Wavy Creamy Bacilli Inclined -me-
dium + +

5P-1 (MP5-1) White Circular Pulvinated Entire Creamy Bacilli Big- chain + -

5P-2 (MP5-2) White 
Translucent Circular Pulvinated Entire - Bacilli Big- chain - +

5P-3 (MP5-3) White - Flat Wavy Creamy Bacilli Big- spores + +

37 °C

1S-1 (S1-1) Yellow Punctiform High Wavy Creamy Bacilli Long- thin - +

1S-2 Translucent Circular Convex Entire - Bacilli Short-wide - -
1P-1 (P1-1) Cream Rhizoid Pulvinated - Filamentous Bacilli Thin-big - -

1P-2 (P1-2) Pink Circular Flat Wavy - coco-
bacilos Small - +

1P-3 - Irregular Flat Entire Creamy Bacilli Short - -
2S-1 (S2-1) White Circular Pulvinated Entire Creamy Bacilli Small - +
2S-3 (S2-3) - Irregular Pulvinated Wavy - Bacilli Short-wide + -

2P-1 Translucent Circular Convex Entire - Bacilli Short-Thin - -

2P-3 (P2-3) Cream Circular Pulvinated Wavy - Cocco-
bacilli Short-Thin - +

3S-1 (S3-1) - Rhizoid Convex - Filamentous Bacilli Short + -
3S-2 (S3-2) White Irregular Flat Filiform Creamy Bacilli Short-Thin - +
3S-3 (S3-3) White Circular Pulvinado Entire Creamy Bacilli Small - +

3P-1 (P3-1) Yellow Circular Pulvinado Entire - Cocco-
bacilli Small + -

3P-2 (P3-2) Cream Rhizoid Convex - Filamentous Bacilli Short - -

3P-3 (P3-3) Cream Irregular Pulvinated Wavy - Bacilli Thin - +

3P-4 (P3-4) White Circular Pulvinated Entire Creamy Bacilli Medium - -

4S-1 Circular Convex Entire Creamy Bacilli Short - -

4S-2 (S4-2) Cream Irregular Convex Wavy - Bacilli Short-small - -

4S-3 - Irregular Convex Wavy - Cocci Small - -

4S-4 - Irregular Flat Wavy - Bacilli Short-wide - -

4P-1 (P4-1) White Circular Pulvinated Entire Creamy Cocco-
bacilli Small - +
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IDENTIFICATION

Isolated
Macroscopic Microscopic Gram 

stain
Catalase 

test
Color Form Elevation Margin Consistency Form Description

4P-3 Translucent Circular Convex Wavy - Coccobacilli - + -

4P-4 (P4-4) White Circular Pulvinated Entire - Cocci Staphylococci - -

5S-1 (S5-1) Translucent Irregular Pulvinated Wavy Creamy Cocci Staphylococci + -

5S-3 (S5-3) Cream Circular Pulvinated Wavy - Bacilli Small-thin - -

5P-1 - Circular Pulvinated Entire Creamy Cocci - - -

5P-2 (P5-2) Brown/Pink Circular Pulvinated Entire - Bacilli Short + +

5P-3 (P5-3) - Irregular High - - Bacilli Short - +

Pseudomo-
nas Agar

30 °C

1S-1 White Circular Pulvinated Wavy Creamy Bacilli Short - +
1S-2 Yellow Circular Pulvinated Entire Creamy Bacilli Short - +

1P-1 Yellow Circular Pulvinated Entire - Bacilli Short - +

2S-3 Translucent Circular Pulvinated Entire - Bacilli Small + +

2P-1 White Circular Pulvinated Entire Creamy Bacilli Short - +

2P-2 Translucent Circular Pulvinated Entire - Bacilli Small + +

2P-3 Yellow Circular Pulvinated Entire - Bacilli Short + +

3S-1 - Circular Pulvinated Entire Creamy Bacilli Small + -

3S-2 - Circular Pulvinated Entire Creamy Bacilli Small - +

3P-1 Translucent Circular Pulvinated Entire Creamy Bacilli Small + +

3P-3 Translucent Circular Pulvinated Entire Creamy Bacilli Small-thin + +

4S-3 - Circular Pulvinated Entire Creamy Bacilli Small-inclined + +

4S-4 Yellow Translucent Circular Pulvinated Entire - Bacilli Short + +

4S-5 White Translucent - Crateriform Entire Creamy Bacilli Short - +

4P-1 White Circular Pulvinated Entire Creamy Coccobacilli Small-inclined + +

4P-2 White Circular Pulvinated Entire - Bacilli Short - +

4P-3 Translucent Irregular Umbloid Wavy - Coccobacilli Small - +

5S-1 Translucent Circular Pulvinated Entire Creamy Bacilli Short + +

5S-2 Ligth Yellow Circular Pulvinated Entire - Bacilli Long-thin - +

5P-2 Translucent Circular Pulvinated Entire - Cocci Small + +

5P-3 Translucent - High Entire - Bacilli Small-short - +

5P-4 White Translucent Circular Convex Entire Creamy Bacilli Short + +
5P-5 Yellow Translucent Circular - Entire - Bacilli Short + +

37 °C

1S-1 Yellow Circular Pulvinated Entire - Bacilli Long-thin - +

1S-3 Translucent Circular - Wavy Creamy Bacilli Small - +

1P-1 Translucent Irregular Flat - Creamy Bacilli Big-long - -

1P-2 Translucent Circular - - Creamy Coccobacilli - - +

2S-1 Translucent Circular Pulvinated Entire Creamy Bacilli Small - +

2S-2 Translucent Circular Pulvinated Entire Bacilli Short - -

2P-1 White Circular Pulvinated Entire Creamy Bacilli Short - +

2P-2 Yellow Circular Pulvinated Entire Creamy Bacilli Long - -

3S-2 White Irregular - Filiform - Bacilli Short-thin - +

3S-3 Translucent Circular Pulvinado Entire - Bacilli Small - +

3S-4 White, Translucent Irregular High Filiforme - Bacilli Small-thin + +

3P-1 White Circular Pulvinated Entire - Coccobacilli - + -

3P-2 Translucent Circular Pulvinated Entire Creamy Bacilli Short - -

3P-4 White Circular Pulvinated Entire Creamy Bacilli Medium - -

4S-1 White Circular Pulvinated Wavy Creamy Bacilli Short + +

4S-3 Translucent Circular Convex Wavy - Bacilli Short - -

4S-4 White Translucent Circular Pulvinated Entire - Bacilli Small -short + -

4P-1 White Circular Pulvinated Entire Creamy Coccobacilli - + +

4P-3 - - - - - - - - -

4P-4 White Circular Pulvinated Entire - Cocci Staphylococci - -

5S-1 Translucent Irregular Wavy Creamy Cocci Staphylococci + -

5S-4 White Circular Pulvinated Entire - Coccobacilli Long- thin - -

5P-1 White Circular Pulvinated Entire Creamy Coccobacilli Short - +
5P-2 Green Translucent Circular Pulvinated Entire - Coccobacilli Short - +
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Appendix C.
Results of the drop collapse, oil displacement and naphthalene tolerance.

Isolated Drop collapse Oil displacement
Naphthalene tolerance

Control 0 % 1 % 5 % 10 %

30 °C

4S3 - - ++++ ++++ ++++ ++++ +

MP31 - - + + + - -

37 °C

1P2 ++ +++ ++++ ++++ ++++ ++++ +

5S1 ++ + +++ +++ +++ + +

5P1 - - ++++ ++++ ++++ - -

5P2 + + ++++ ++++ ++++ ++++ -

S53 - - ++++ ++++ + + +

P52 +++ ++++ ++ ++++ ++ + +

P32 - + ++ ++ - - -

P41 - + - - - - -

Water ultrapure - - - - - - -

Tween (10 %) ++++ ++++ - - - - -

SDS (10 %) ++++ ++++ - - - - -


