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a  b  s  t  r  a  c  t

Unraveling the microbial diversity and its complexity in petroleum reservoir environments

has  been a challenge throughout the years. Despite the techniques developed in order to

improve methodologies involving DNA extraction from crude oil, microbial enrichments

using different culture conditions can be applied as a way to increase the recovery of

DNA from environments with low cellular density for further microbiological analyses.

This  work aimed at the evaluation of different matrices (arenite, shale and polyurethane

foam) as support materials for microbial growth and biofilm formation in enrichments using

a  biodegraded petroleum sample as inoculum in sulfate reducing condition. Subsequent

microbial diversity characterization was carried out using Scanning Electronic Microscopy

(SEM), Denaturing Gradient Gel Electrophoresis (DGGE) and 16S rRNA gene libraries in order

to  compare the microbial biomass yield, DNA recovery efficiency and diversity among the

enrichments. The DNA from microbial communities in petroleum enrichments was purified

according to a protocol established in this work and used for 16S rRNA amplification with

bacterial generic primers. The PCR products were cloned, and positive clones were screened

by  Amplified Ribosomal DNA Restriction Analysis (ARDRA). Sequencing and phylogenetic

analyses revealed that the bacterial community was mostly represented by members of the

genera Petrotoga, Bacillus, Pseudomonas, Geobacillus and Rahnella. The use of different support

materials in the enrichments yielded an increase in microbial biomass and biofilm forma-

tion, indicating that these materials may be employed for efficient biomass recovery from

petroleum reservoir samples. Nonetheless, the most diverse microbiota were recovered from

the  biodegraded petroleum sample using polyurethane foam cubes as support material.
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Introduction

Crude oil biodegradation in petroleum reservoirs affects the
world production of fuels, making the recovery and refin-
ing processes more  expensive. For many  years, the prevalent
occurrence of biodegradation in petroleum wells has been
attributed to the aerobic bacterial degradation of hydrocar-
bons, which can be stimulated by oxygen carried by the
infiltration of meteoric waters in the reservoir.1 However, there
is strong evidence for the widespread occurrence of obligate
anaerobes in subsurface petroleum systems,2–4 and the flush-
ing of meteoric water does not indicate that highly reactive
oxygen survives transportation to deep reservoirs, since even
small concentrations of organic compounds can remove oxy-
gen from an aquifer.

In recent work, researchers have suggested that biodegra-
dation processes can occur at the oil–water transition zone,
in which microbial life should be possible within water
droplets containing active microbial communities.5 Data gath-
ered from several studies indicate that oil biodegradation
in deep subsurface petroleum reservoirs occurs through
anaerobic microbial metabolism rather than aerobic mecha-
nisms, resulting in a decrease of light hydrocarbons and an
increase of oil density, acidity, viscosity and sulfur content.6–8

In addition, viable anaerobic hydrocarbon degradation pro-
cesses have recently been established for both saturated and
aromatic hydrocarbons.9–11 Studies aiming to evaluate inter-
mediate metabolites, characteristic of anaerobic hydrocarbon
degradation, have been carried out and allowed the identi-
fication of compounds such as reduced 2-naphthoic acids,12

2-methylnaphthalene, tetralin, as well as naphthoic acids in
petroleum reservoirs.13

Sulfate reduction and methanogenesis are the most
likely processes responsible for in-reservoir hydrocarbon
oxidation.14 Oil degradation linked to sulfate reduction
would explain the consistent hydrocarbon compositional pat-
terns seen in many  degraded oils worldwide. Sulfate arises
from geological sources, such as evaporitic sediments and
limestone, or from the injection of seawater for pressure sta-
bilization, and may lead to significant oil degradation and
increased residual-oil sulfur content.15 Souring in oilfield sys-
tems is most commonly due to the action of sulfate-reducing
prokaryotes, a diverse group of anaerobic microorganisms that
respire sulfate and produce sulfide (the key souring agent)
while oxidizing diverse electron donors.8

In this sense, efforts have been made by several researchers
in order to recover and characterize the anaerobic microbial
community inhabiting the deep petroleum biosphere.2,16,17

The study of genomes of uncultivated microbes have become
possible through metagenomics, a cultivation-independent
approach that allows to explore the metabolic potential of the
unseen biodiversity by cloning large DNA fragments directly
isolated from the environment.18 With the use of the metage-
nomic approach, bacteria capable of degrading petroleum
hydrocarbons, including anaerobes, have been more  deeply
investigated and their metabolic routes unraveled.19,20 How-
ever, the extremely low amount of DNA obtained from samples
derived from petroleum reservoirs using direct nucleic
acid extraction procedures is often a restraint when the

phylogenetic and/or metabolic diversity of microbial commu-
nities are investigated,21,22 because of the low cellular density
and activity found in such hostile environment. Microbial
enrichments using different culture conditions, simulating
the chemical and physical parameters of natural environ-
ments, can be applied to overcome this limitation and increase
the recovery of DNA from environments with low cellular
density.23 Although cultivation under laboratory conditions
can diminish the biodiversity recovered, this technique allows
the selection of microorganisms that have some function of
particular interest, such as enzymatic activity or biodegrada-
tion ability.24

This work aimed to evaluate the efficiency of different
matrices, used as physical supports, in recovering anaero-
bic bacterial diversity from a biodegraded oil sample derived
from a petroleum reservoir in Campos Basin (Brazil). The
matrices were used in order to evaluate their effect in the
increase of biomass, as well as a support for biofilm forma-
tion. The relative abundance and diversity of the anaerobic
microbiota recovered from the enrichments were compared
by using microscopic and molecular analysis (DGGE and 16S
rRNA libraries).

Material  and  methods

Sampling

Petroleum samples were obtained in July 2005 from five pro-
duction wells at the Pampo Platform, Campos Basin (Macaé,
RJ, Brazil), with logistic support from CENPES/Petrobras, as
described in details by Vasconcellos et al.22 Samples were
collected in triplicate using 500 mL  sterilized Schott bottles,
which were completely filled with the samples in order to
avoid oxygen influx. Samples were kept on ice during trans-
portation to the laboratory and stored at room temperature for
subsequent anaerobic bacterial enrichment assays.

Anaerobic  enrichments

The biodegraded petroleum sample (P2) used in this work
as inoculum (10% v/v) for the anaerobic enrichments was
collected from oil reservoir 2 in Campos Basin, RJ, Brazil.22

This well was characterized as highly biodegraded, level 5–6,
according to Peters and Moldowan,25 with average temper-
ature 71 ◦C and approximately 2000 m deep. The petroleum
sample was homogenized in water bath at 50 ◦C. The enrich-
ments were settled in Schott bottles (1 L) containing 500 mL
of Zinder medium26 supplemented with organic substrates
(sodium acetate, sodium formate, sodium lactate, yeast
extract, methanol) to stimulate the growth of sulfate reduc-
ing bacteria, according to methods described by Dubourguier
et al.27 and Silva et al.28. The cysteine–HCl solution (2 mM)
was added to the enrichments (1%, v/v) as final electron
acceptor.

Three different matrices were independently applied as
physical supports to allow bacterial biofilm formation and
increase biomass recovery under sulfate reducing condition:
(1) polyurethane foam cubes (PF) (1 cm2), (2) slices of shale
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