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ABSTRACT
The isolation of aerobic marine bacteria able to degrade hydrocarbons represents a promising alternative for the 
decontamination of oceanic and coastal environments. In the present work, twelve water and sediment samples from 
the Felton coastline in the Province of Holguín were collected and screened with Bushnell-Haas medium supplemented 
with light crude oil or with seawater supplemented with yeast extract and crude oil as a carbon source, obtaining 
twenty seven and six bacterial isolates respectively that were able to grow in these media. The obtained isolates 
were then subjected to selection in Bushnell-Haas medium supplemented with a heavy crude oil, selecting three 
strains able to degrade this hydrocarbon mixture within a period of seven days. Pure cultures of these strains were 
further used in crude oil biodegradability assays. Total petroleum hydrocarbon (TPH) degradation was evaluated 
through SARA analysis, employing gas chromatography with an FID detector and infrared spectroscopy to analyze 
the aliphatic and aromatic hydrocarbon fractions, respectively. All three stains removed more than 60% of the TPH 
and one of them showed the best degradation potential with figures above 65% for the entire hydrocarbon fraction, 
except resins. Two of the strains were also able to decrease C17:Pr and C18:Ph ratios to less than 50% in comparison 
to the abiotic control. Two of these strains were phenotypically identified as Bacillus sp., and the remaining one as 
Alcaligenes sp. The degradation potential exhibited by these new isolates warrants further studies on their possible 
application to decontaminate coastal environments affected by oil spills.

Keywords: marine bacteria, biodegradation of hydrocarbons, Felton

Biotecnología Aplicada 2012;29:80-86

RESUMEN
Estudio y selección de bacterias aerobias degradadoras de hidrocarburos del petróleo aisladas de costas
de Cuba. El aislamiento de bacterias marinas aerobias como posibles degradadoras de hidrocarburos, es una va-
riante muy prometedora para la descontaminación de mares y costas. Se recogieron doce muestras de agua y de 
agua con sedimentos de las costas de Felton (Holguín, Cuba). Se empleó el medio Bushnell-Haas con petróleo crudo 
ligero y, alternativamente, agua de mar suplementada con extracto de levadura y petróleo crudo, como fuentes de 
carbono. Se obtuvieron 33 cepas bacterianas, que se sometieron a un proceso de selección en el medio Bushnell-
Haas suplementado con crudo pesado, de las que se seleccionaron tres porque degradaban los hidrocarburos en 
siete días. Su capacidad de degradación se evaluó a escala de laboratorio. La remoción de los hidrocarburos totales 
del petróleo (HTP) se determinó mediante el análisis de los saturados, los aromáticos, las resinas y los asfáltenos. 
Los análisis de las fracciones saturadas y las aromáticas fueron mediante cromatografía de gases con detector de 
ionización de llama y espectroscopia infrarroja, respectivamente. Las tres cepas seleccionadas removieron más del 
60% de los HTP. Una de ellas mostró valores de remoción superiores al 65% en todas las fracciones, excepto en 
las resinas; mientras que dos de ellas disminuyeron las tasas de C17/pristano y C18/fitano a menos del 50% con 
respecto al control abiótico. Dos de las cepas se identificaron fenotípicamente como del género Bacillus, y otra como 
del género Alcaligenes. Las potencialidades biodegradadoras de estos microorganismos en la limpieza de costas 
marinas han generado nuevos estudios.
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Introduction
Many natural microorganisms, both aerobic and an-
aerobic, are able to thrive on hydrocarbons as sole 
carbon source. Usually found at low concentrations 
in non-contaminated areas, their populations bloom in 
chronically contaminated environments [1]. Anaerobic 
microorganisms, however, are less versatile regarding 
their growth substrate and often display increased sen-
sitivity toward heavy metals, hence playing a smaller 
role in biodegradation [2]. Most research on bioreme-
diation technology has focused therefore on aerobic 
heterotrophic bacteria, due not only to the taxonomic 
diversity of hydrocarbon-degrading representatives 
from this group, but to their ability to use xenobiotic 

compounds as carbon source in pure cultures [3]. Tax-
onomic and metabolic variety notwithstanding, indi-
vidual species seldom have the complete enzymatic 
toolset required to completely degrade the main or-
ganic compounds contaminating the ecosystem at any 
given time, and thus biodegradation usually proceeds 
through the concerted action of mixed populations or 
microbial consortia. Viewed as a whole, the latter pos-
sess the necessary genetic information to produce all 
the enzymes required to completely degrade complex 
hydrocarbon mixtures in damaged areas [4, 5]. 

Environmental biotechnology techniques have 
been readily used to remediate ecological disasters 
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caused by large oil spills, such as those caused by the 
collision of tanker Exxon Valdez with Bligh Reef at 
Prince William Sound, spilling some 50 000 tons of 
crude oil in March 1989 [6], and the sinking of Pres-
tige, which spilled 63 000 tons of crude and ended up 
affecting 1 900 km of French and Spanish coastlines 
in November 2002 [7]. 

Measures taken after the Exxon Valdez spill includ-
ed the addition of nutrients in the form of fertilizers 
(Inipol EAP 22 and Custombler), which increased 
the rate of oil removal by three-fold [6]. Laboratory 
studies prompted by the Prestige spill that examined 
oil biodegradability in Sorrizo beach (Coruña, Spain) 
in order to use biostimulation and bioaugmentation 
techniques demonstrated that these methods could 
produce total petroleum hydrocarbon (TPH) degrada-
tion rates of 6 to 45% after a seven day period. In 
addition, enriched cultures containing indigenous mi-
croorganisms and crude oil from the Prestige as sole 
carbon and energy source degraded close to 90% of 
the TPH in two weeks [7]. These and other successes 
have prompted us to undertake an effort to isolate, 
select and identify aerobic bacteria from the coast of 
Felton (Holguín, Cuba), which has been impacted by 
oil spills, characterizing the hydrocarbon-degrading 
potential of the isolated strains.

Materials and methods

Sampling 
The marine ecosystem at Felton is currently contami-
nated by oil spills (Figure 1). Twelve samples (four 
from water, eight from water with silt) were manually 
collected from this environment, bottled into sterile 1 
L fl asks, and stored at 4 °C. They arrived to the labo-
ratory for further processing within the fi rst 24 h after 
their collection. 

Strain isolation
The primary selection process employed two different 
discrimination protocols, denominated here protocol A 
(modifi ed from [8]) and B (modifi ed from [9]). In pro-
tocol A the samples were stirred at 350 rpm for 5 min, 
taking a 1 mL aliquot from each one afterwards and 
seeding it into 9 mL of Bushnell-Haas medium [10] with

1% Mesa 30 crude (water and silt at 0.5% v/v, total 
sulfur 0.90% m/m, density at 15 °C of 0.8735 g/cm3, 
density 30° API) as sole carbon source. Five replicates 
were used per sample. After static incubation for 21 
days at 26 to 28 °C, 0.1 mL of the resulting cultures 
were spread with a Drigalsky spatula onto the surface 
of marine bacteria isolation medium plates (10.0 g
glucose, 0.5 g peptone, 1.0 g yeast extract, 15.0 g agar, 
750 mL seawater, 250 mL distilled water), using three 
replicates per sample, and the plates were incubated at 
26 to 28 °C for seven days. In protocol B the samples 
were stirred at 350 rpm for 5 min, bottling 100 mL
from each one afterwards into a sterile 250 mL thread-
ed cap bottle, to which 6 mL of Mesa 30 crude and 0.1 
g of yeast extract were then added. The bottles were 
incubated for seven days at 130 rpm and 30 °C, after 
which 10 mL from each resulting culture were inocu-
lated into 100 mL of sterile seawater containing 6 mL 
of Mesa 30 crude and 0.1 g of yeast extract. These cul-
tures were then further incubated for seven days under 
the same conditions, at the end of which the subcultur-
ing cycle was repeated once more. After concluding 
the three subculture cycles, 0.1 mL from each fi nal 
subculture were spread with a Drigalsky spatula onto 
the surface of marine bacteria isolation plates, em-
ploying three replicates per sample. The plates were 
incubated at 26 to 28 °C for seven days. 

In both protocols the marine bacteria isolation 
plates were periodically examined after 24 h of growth 
under a stereoscope, streaking onto separate plates all 
the colonies appearing during the seven day incuba-
tion period. Pure stocks were obtained from colonies 
isolated by streaking, verifying their homogeneity by 
Gram staining and through the examination of culture 
characteristics. 

Phenotypic characterization of the strains
The strains were characterized phenotypically using 
previously described morphological, physiological 
and biochemical tests [11-14], using previously de-
fi ned criteria to describe culture characteristics [13]. 
Morphological descriptions were based on bacterial 
shape, motility and pigmentation. 

Responses to temperature were evaluated by grow-
ing the strains under examination, plated on marine 

Figure 1. Contamination of marine ecosystems at Felton due to oil spills. A) Angostura, Felton (Holguin). B) Palmarito cove 
(Holguin).
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bacteria isolation medium, at 4, 22, 30 and 46 °C for 
7 days. Salt tolerance was estimated by seeding the 
test strains in marine bacteria isolation medium where 
seawater was replaced by distilled water and sodium 
chloride (NaCl) concentration was set at 0, 0.5, 1, 3, 
5, 7 and 10%, growing the cultures at 22 °C for 48 h 
and then scoring them daily for bacterial growth. The 
cultures were discarded after 15 days. 

Biochemical characterization of the strains com-
prised tests for the fermentation of glucose, lactose, 
sucrose and mannitol, as well as for the production of 
indole, gas and hydrogen sulfi de. It also involved as-
says for catalase, oxidase, urease, gelatinase, amylase 
and hemolysin activity, and growth tests in Simmons’ 
citrate, Mc Conkey, CromoCen® CC and CromoCen® 
AGN base media (Center for Biopreparations, Biocen, 
Cuba). NaCl was added to specifi c growth media at a 
fi nal concentration of 2%. 

Selection
The strains were grouped according to matching 
morphological, physiological and biochemical cri-
teria, preparing inocula from each selected strain by 
diluting a loopful from a young culture into 5 mL of 
sterile seawater to an approximate concentration of 
1 x 106 cfu/mL, according to the McFarland scale. 
One-hundred microliters of these inocula were added 
to Bushnell-Haas agar medium containing 1% Mesa 
30 crude as sole carbon source and tetrazolium triph-
enyl chloride (TTC) as growth indicator, incubating 
the resulting culture for 21 days at room temperature 
and environmental relative humidity. Three replicates 
were seeded per strain. The cultures were examined 
every 24 h, selecting all strains exhibiting vigorous 
growth within a seven day period for further study. 

Hydrocarbon degradation capacity 

Inoculum preparation
The selected strains were transferred to tryptone-soy 
agar medium (TSA) plates supplemented with 2% 
NaCl and incubated at 30 °C for 24 h. Loopfuls from 
each of the resulting bacterial lawns were transferred 
to 15 mL of sterile seawater and homogenized by 
vortexing to a concentration of 106 cfu/mL, according 
to the McFarland scale; verifying the obtained bac-
terial concentration by plating serial dilutions using 
the method of Track Dilution. The obtained bacterial 
suspensions constituted the inocula. 

Culture conditions
The inocula, diluted at 10% (v/v), were added onto 
88% (v/v) Bushnel-Haas media containing 2% (v/v) 
Mesa 30 crude as sole carbon source, for a fi nal vol-
ume of 150 mL. These cultures were incubated at 
30 °C for 45 days, employing a non-inoculated culture 
medium supplemented with crude as abiotic control. 
Each strain was assayed in triplicate. 

Hydrocarbon determinations
Hydrocarbon determinations were performed at day 
45. The organic phase of the samples was extracted 
with 45 mL of HPLC-grade dichloromethane (three 
extractions with a volume of 15 mL each) using the 
liquid-liquid method for 30 min in a separating funnel,

fi ltering the obtained organic extract through anhy-
drous reagent grade sodium sulfate. Saturated, aro-
matics, resins and asphaltenes (SARA) were analyzed 
following the ASTM D2007 and ASTM D2549 stan-
dards. Asphaltenes were precipitated with n-pentane. 

The saturated hydrocarbon fraction, dissolved in 
n-hexane, was analyzed in a Philips PU 4400 gas 
chromatographer (Philips Scientifi c, United Kingdom) 
with a fl ame ionization detector (FID) and a capillary 
30 m x 25 mm CP SIL 5CB column, using the follow-
ing parameters: injector temperature, 300 °C; detector 
temperature, 320 °C; column gradient, 60 to 300 °C 
(6 °C/min). 

Mono-aromatic and poly-aromatic hydrocarbon 
fractions were analyzed by FTIR spectroscopy in a 
Mattson spectrophotometer (PYE UNICAM, United 
Kingdom), using the NaCl window fi lm method. All 
spectra were processed using the Omnic v5.2A soft-
ware application.

Results and discussion

Strain isolation
Sampling sites in Felton were selected so as to ensure 
that the isolated biota were in the presence of hydro-
carbons in their natural environment. This probably 
explains the high number of hydrocarbon-degrading 
microorganisms identifi ed through isolation pro-
tocols A and B, which totaled 33 strains. Culturing 
these strains in the presence of hydrocarbons (Mesa 
30 crude) favored the expression of enzyme systems 
involved in their degradation and the preferential iso-
lation of hydrocarbon-tolerant clones. 

Phenotypic characterization of the isolated 
strains 
Based on physiological and biochemical tests, 28 out 
of 33 strains (85%) could be successfully assigned to 
a genus. Finer taxonomic classifi cation to the level of 
species was not pursued since, despite the existence 
of taxonomic identifi cation schemes for microorgan-
isms from marine ecosystems [12, 15], successfully 
identifying recently described genera and species of 
marine bacteria requires the application of molecular 
methods [16]. 

Two genera of Gram-positive bacilli were identi-
fi ed (Bacillus and Kurthia), as well as fi ve genera of 
Gram-negative bacilli (Alcaligenes, Acinetobacter, 
Marinomonas, Pseudomonas and Azotobacter). Five 
strains belonging to the latter group could not be 
identifi ed with the biochemical tests employed in this 
study. 

Bacillus was the most abundant genus (14 out of 
33 isolates, 42%). Many Bacillus species have been 
shown to be able to degrade hydrocarbons [17-19], 
both in terrestrial [17-20] and marine or aquatic en-
vironments [21-26]. B. thermoleovorans is able to 
degrade naphthalene [18], and there is a Bacillus sp. 
strain that degrades toluene [20, 26]. A microbio-
logical survey of the western Cuban continental shelf 
found this species in both northern and southern loca-
tions [27]. BIOIL-FC, a bioproduct from the Center of 
Marine Bioproducts (Cebimar) of the Cuban Ministry 
of Science, Technology and the Environment, is based 
on a strain of Bacillus licheniformis [23]. 
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Five of the 33 strains (15%) belonged to the Alcali-
genes genus. Some species of this genus have been 
isolated from marine environments contaminated with 
hydrocarbons [5, 17, 28]. Colores et al. observed that 
the addition of surfactants to hydrocarbon-contami-
nated soils resulted in a compositional shift of the lo-
cal bacterial population from Alcaligenes sp. to Rho-
dococcus and Nocardia [29]. It has been shown that 
strain WW1 of Alcaligenes denitrifi cans can degrade 
four-ring polyaromatic hydrocarbons [30]. These mi-
croorganisms can be found not only in soil and water 
samples, but in clinical specimens, occasionally. 

Two of the isolated strains belonged to the 
Pseudomonas genus. Publications reporting the pres-
ence of this genus in hydrocarbon-contaminated eco-
systems and describing its hydrocarbon-degrading 
abilities have appeared in the literature from the early 
nineties [17], although its numbers have increased as 
of late [19, 24, 25, 31, 32]. Pseudomonas sp. strains 
have been shown to degrade polycyclic aromatic hy-
drocarbons both in terrestrial [28, 33-35] and aquatic 
[36, 37] environments, and they are widely distributed 
among the most dissimilar ecosystems [17, 23, 25, 26, 
28, 31-40]. Published reports indicate that they can 
also degrade phenanthrene in soils [38] as well as an-
thracene, phenol [41] and methyl methylbromide in 
marine environments [40]. 

Another two strains belonged to the genera Acine-
tobacter and Marinomonas, respectively. Recent stud-
ies on the degradation of hydrocarbons in water bod-
ies have made reference to the former [26, 36, 37]; 
this genus has, in addition, been found in not only in 
terrestrial and marine environments, but in sewage as 
well. Representatives of the Marinomonas genus were 
isolated for the fi rst time from sediments contaminated 
with polycyclic aromatic hydrocarbons in 2001 [42]. 
Some authors place some species of this genus into 
Alteromonas instead [17]. In any case, they live ex-
clusively in coastal and oceanic marine environments, 
therefore requiring seawater for their culture in vitro 
and growing optimally at temperatures ranging from 
20 to 40 °C. 

Lastly, the genera Kurthia and Azotobacter were 
represented each by a single strain. We were unable to 
fi nd previous mentions in the literature of the presence 
of these microorganisms in hydrocarbon-contaminat-
ed environments. Kurthia is a genus of Gram-positive 
bacilli described as environmental bacteria, whereas 
Azotobacter is a typical inhabitant of water bodies and 
soils. Optimum growth temperatures for both species 
fall within the 20-30 °C range. 

Strain selection
All 33 isolated strains were grouped according to cul-
ture, morphological, physiological and biochemical 
parameters. At the end, 18 strains representing each 
unique combination of these parameters were chosen 
to be subjected to the selection process. 

From day 3 onwards, strain F1FLC of Bacillus sp. 
exhibited vigorous growth. Visible growth was also 
detected for strains F10S1 and F9S of Alcaligenes sp. 
and Bacillus sp. respectively from day 4 onwards.

 The bacteria growing in Varadero Venta heavy 
crudes have probably developed mechanisms to main-
tain membrane integrity in the presence of excessive 

hydrocarbon fl ow, increasing for instance membrane 
rigidity by decreasing its unsaturated fatty acids con-
tent and modulating the cis/trans conformational ratio 
of its phospholipids, and inducing the synthesis of 
membrane complexes that pump out hydrocarbons, 
in a manner homologous to that of many antibiotic-
resistance bacteria [43, 44]. Hydrocarbons are lipo-
philic compounds that inhibit growth when present at 
high concentrations [45], inducing the bacterial stress 
response and a series of changes at the membrane, en-
zyme and protein levels [44, 46]. 

Characterization of the hydrocarbon 
degradation capacity of the selected strains
The ability to degrade hydrocarbons from crude oil 
(Mesa 30 crude) was determined after 45 days of 
static culture. Three of the strains under examination 
(F10S1, F9S and F1FLC) were able to remove over 
50% of the starting hydrocarbon. Strain F10S1 de-
graded 69.26% of the crude (Figure 2). 

The treatments (strains) exhibited statistically sig-
nifi cant differences, both between them and in com-
parison with the control (p < 0.05). Although there 
were no signifi cant inter-treatment differences re-
garding the concentration of aromatic hydrocarbon 
fraction I, the treatments did exhibit statistically sig-
nifi cant differences when compared to the control (p 
< 0.05). No statistically signifi cant differences were 
detected regarding the concentration of aromatic hy-
drocarbon fraction II or that of resins when comparing 
the treatments or even when these were compared to 
the control (p < 0.05). Asphaltene concentration, on 
the other hand, did exhibit statistically signifi cant dif-
ferences between treatments, as well as between these 
and the control (p < 0.05; Table 1). 

Figure 3 shows the chromatographic profi le of the 
saturated hydrocarbon fraction, in a signal intensity
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Figure 2. Removal rates for total hydrocarbons from Mesa 
30 crude oil by the selected strains, after 45 days of static 
culture..

Treatment

Table 1. Concentration of saturated and aromatic I and II hydrocarbon fractions, resins 
and asphaltenes after 45 days of treatment

Concentration (g/L)
Saturated Aromatics I Aromatics II Resins Asphaltenes

Control 6.6336c* 6.2753b 0.6703 0.6132 4.6265c

F10S1 2.1010a 2.0467a 0.3034 0.5388 0.7298a

F9S 3.2087b 2.6790a 0.4179 0.8530 0.9572a

F1FLC 2.1367b 2.3547a 0.3169 0.5911 1.7778b

* Values with different letters exhibit statistically significant differences (p < 0.05), as determined with Fisher’s 
LSD method.
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(pico-amperes) versus time chart for strains F9S, 
F10S1 and F1FLC. Each of the images shown in the 
fi gure contains the profi les of the abiotic control and 
that of the strain under examination, for a number of 
different carbon chain lengths. Those of strains F9S 
and F10S1 exhibit a higher decrease of maxima and 
of the non-resolved hydrocarbon background in com-
parison with strain F1FLC. 

Chromatographic analysis was used to calculate 
C17/pristane and C18/phytane ratios for the different 
treatments and the control sample (Table 2). 

Monocyclic and polycyclic aromatic hydrocarbon 
fractions were analyzed by FTIR spectroscopy, as de-
scribed in Materials and Methods. The transmittance 
(%) vs. wave number (cm-1) charts of strains F9S and 
F1FLC are shown in Figure 4; strain F10S1 exhibits 
a profi le very similar to that of strain F9S (data not 
shown). Each chart depicts both the profi le of the 
strain under examination and that of the standard sam-
ple. The concentration of associated hydroxyl groups 
(OH-, 3290-3300 cm-1) increased for all treatments, as 
did that of carboxylic groups (1680 cm-1). 

The present study has demonstrated that the bacte-
rial strains selected are able to use hydrocarbons as 
sole carbon source when grown in pure cultures. Since 
hydrocarbon determinations were performed solely at 
the end of the study (day 45), no data are available 
to evaluate the biodegradation process in earlier time 
points. Based on our results, however, together with 
the existing literature, it is possible to make some in-
ferences. 

In general, biodegradation is expected to be more 
extensive in aliphatic hydrocarbons, which are far 
more amenable to this process than their aromatic 
counterparts [35, 47, 48]. The latter, in turn, are more 
susceptible to biodegradation than resins and as-
phaltenes [47, 48]. However, and despite the higher 
propensity of n-alkanes for oxidation [35, 49], no dif-
ferences in biodegradation percentages were detected 
between saturated hydrocarbons, asphaltenes and 
monocyclic aromatic hydrocarbons after 45 days. 

Aliphatic hydrocarbons decreased in comparison 
with those of the abiotic control regarding the non-
resolved background (cycloalkanes, resins and as-
phaltenes). When C17/pristane and C18/phytane ra-
tios of the strains under study were compared to those 
of the biological control, it was possible to detect a 
notable decrease for these values in strains F10S1 
and F9S (50% approximately). This decrease in iso-
prenoids is a telltale sign of effective biodegradation; 
whereas strain F1FLC exhibits values above those of 
the abiotic control.

The spectra in fi gure 4 reveal the presence of aro-
matic compounds in the crudes treated with bacterial 
strains. No statistically signifi cant differences were 
found for this parameter among the examined strains, 
although the increased proportion of carboxyl and hy-
droxyl groups demonstrates the presence of biological 
oxidation processes. The increased levels of phenols 
and phenoxides may be directly related to the accu-
mulation of end compounds produced by the degrada-
tion of resins and asphaltenes. 

All three strains under examination produced a 
notable decrease in the concentration of asphaltenes, 
compared to the control. This phenomenon was more 

pronounced for strains F10S and F9S, which did not 
exhibit statistically signifi cant differences when com-
pared in this regard, but did so when compared to 
strain F1FLC. The drop in asphaltene levels observed 
in the crude treated with strain F9S may have played a 
direct role in the increased amount of resins observed 
in this sample, although the removal rates of satu-
rated and aromatic monocyclic hydrocarbons reached 
fi gures above 50%, and that of polycyclic aromatic 
hydrocarbons hovered around 40%. Strain F10S1 
lowered the concentration of all fractions in compari-
son with the control. Samples treated with this strain 
exhibited the lowest concentration of polycyclic aro-
matic hydrocarbons, the second lowest concentration 
of asphaltenes and the third lowest of resins, and had 
removal rates over 65% for saturated and aromatic 
monocyclic hydrocarbons. 

No alkanes with backbones shorter than 12 car-
bon atoms were detected in these samples. Narváez-
Flores et al. made a similar observation while study-
ing the hydrocarbon degradation capacity of bacteria 
isolated from marine sediments [44]. Several authors 
have pointed out that short chain aliphatic hydrocar-
bons usually volatilize during the fi rst hours after a 
spill. Since their physico-chemical properties make 
them toxic compounds for the growth of most bac-
teria [44, 50], it is assumed that the degradation of 

Strain

Table 2. C17/pristane and C18/phytane ratios for 
each strain

C17/pristane C18/phytane 

Control 0.99 1.11
F1FLC 4.14 4.10
F9S 0.56 0.72

F10S1 0.49 0.64
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Figure 3. Chromatographic profiles of n-alkanes from Mesa 30 crude oil treated for 45 days with the 
abiotic control or the selected strains. —Abiotic control; —Treatment. A) Strain F9S; B) Strain F10S1; 
C) Strain F1FLC. .
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aromatic compounds does not start until saturated 
hydrocarbons have been used up. However, direct 
experimental observation has revealed that low mo-
lecular weight aromatic compounds may start to be 
degraded much earlier, sooner, in fact, than many ali-
phatic molecules [51]. 

An analysis of these results leads us to suppose that 
linear chains up to 30 carbon atoms long and some 
low molecular weight aromatic compounds were de-
graded during the fi rst 10 to 15 days. Had hydrocar-
bon composition been determined at that point, we 
would have most likely found practically identical 
levels of asphaltenes and resins in crudes treated with 
the strains under examination and in their controls, 
signifi cantly decreased levels of saturated hydrocar-
bons in the former, and only a small drop in the con-
centration of aromatic hydrocarbons, since the bulk of 
their degradation takes place after 21 days. Ruberto et 
al., for example, were able to fi nd statistically signifi -
cant differences regarding the degradation of aromatic 
hydrocarbons between experimental treatments and 
their control only 20 days after the start of their bio-
augmentation and biostimulation study [52]. The data 
published by Narváez-Florez et al., who failed to fi nd 
statistically signifi cant differences between hydrocar-
bon degradation rates in the abiotic control (3.6%) and 
the experimental treatment with bacteria (3.5%) [44] 
are also coherent with such a result. 

When comparing the degradation of asphaltenes 
with that of saturated and aromatic hydrocarbons 
regarding the time point at which they fi rst become 
detectable as well as their kinetics, it is useful to 
take into account the environmental characteristics 
of the habitat from which the microorganisms under 
examination have been isolated; that is, their envi-
ronmental adaptations. In addition, it must be noted 
that synthesis of the enzyme complexes required to 
degrade the heavier fractions is not induced until 
lighter fractions have been exhausted, following the 
principle of maximum cellular economy (metabolic 
regulation). Regardless, Joseph et al. found that mi-
croorganisms isolated from the Cárdenas Bay in Ma-
tanzas (Cuba) degraded better heavy oils (such as the 
Varadero crude) than lighter ones (such as the Pina 
crude) [49]. These authors attributed such a phenom-
enon to adaptations of these microorganisms to the 
chronic contamination of their original habitats. Vara-
dero crude is higher in asphaltenes, whereas the main 
constituents of Pina crude are saturated hydrocarbons 
with chain lengths smaller than 18 carbon atoms. As-
phaltene degradation not only takes place through the 
classical, more effi cient mechanisms of oxidation, but 
also through α- and ω-oxidation processes where in-
termediate products are bulkier, thereby lengthening 
the time required for biodegradation [23]. In addition, 
other authors have shown that the biotransformation 
of asphaltenes and resins leads to the accumulation of 
simpler saturated and aromatic derivates, increasing 
the concentration of these fractions [53, 54]. 

Bacterial metabolism is readjusted as culture ages 
and less complex substrates (saturated linear alkanes 
and low molecular weight aromatic compounds) are 
exhausted, shifting towards the synthesis of enzyme 
complexes geared towards the degradation of more 
complex molecules. These compounds did not miner-

 Melcher RJ, Apitz SE, Hemmingsen 42. 
BB. Impact of irradiation and polycyclic 
aromatic hydrocarbon spiking on microbial 
populations in marine sediment for future 
aging and biodegradability studies. Appl 
Environ Microbiol. 2002;68(6):2858-68.
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Figure 4. FTIR spectra of monoaromatic and polyaromatic hydrocarbon fractions from Mesa 30 oil treated 
for 45 days with the abiotic control or the selected strains (treatments): —Abiotic control; —Treatment. 
A) Treatment A, strain F9S A; B) Treatment B, strain F1FLC. %T- Transmittance percentage.

alize completely, accumulating instead as intermedi-
ary metabolites consisting of linear chains and aro-
matic compounds. The host enzyme machinery must, 
therefore, have adapted to fl uctuations in the levels of 
these different compounds. 

Conclusions
A total of 33 hydrocarbonoclastic strains were isolated 
from coastal environments at Felton (Holguín, Cuba). 
They were taxonomically identifi ed as members of the 
Bacillus, Alcaligenes, Pseudomonas, Acinetobacter, 
Marinomonas, Kurthia and Azotobacter genera.

The strains Alcaligenes sp. F10S1; Bacillus sp. F9S 
and Bacillus sp. F1FLC removed 55 to 80% of the 
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total hydrocarbon added to the culture after 45 days. 
Asphaltenes, monocyclic aromatic compounds and 
saturated hydrocarbons were the fractions undergoing 

degradation to the largest extent. Strains Alcaligenes 
sp. F10S1 and Bacillus sp. F9S exhibited the best re-
sults regarding the degradation of asphaltenes.
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