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Role of methylotrophs in the degradation of
hydrocarbons during the Deepwater Horizon oil spill
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The role of methylotrophic bacteria in the fate of the oil and gas released into the Gulf of Mexico
during the Deepwater Horizon oil spill has been controversial, particularly in relation to whether
organisms such as Methylophaga had contributed to the consumption of methane. Whereas
methanotrophy remains unqualified in these organisms, recent work by our group using DNA-based
stable-isotope probing coupled with cultivation-based methods has uncovered hydrocarbon-
degrading Methylophaga. Recent findings have also shown that methylotrophs, including
Methylophaga, were in a heightened state of metabolic activity within oil plume waters during the
active phase of the spill. Taken collectively, these findings suggest that members of this group may
have participated in the degradation of high-molecular-weight hydrocarbons in plume waters.
The discovery of hydrocarbon-degrading Methylophaga also highlights the importance of
considering these organisms in playing a role to the fate of oil hydrocarbons at oil-impacted sites.
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The Deepwater Horizon disaster of 20 April 2010 is
possibly the worst accidental maritime oil spill in
the history of the oil and gas industry. Approxi-
mately 7� 105 tonnes of crude oil and gas were
released into the Gulf of Mexico over a period of 83
days (Reddy et al., 2012). The spill was unprece-
dented by virtue of the depth at which it occurred
and formation of a deepwater oil plume that became
entrained at B1000–1300m within the water
column and which spanned an impressive 35�
2� 0.2 km (Camilli et al., 2010; Diercks et al., 2010).
The earliest sampling of the plume (end of May
2010) revealed the dominance of a specific cluster
within the Oceanospirillales—designated DWH
Oceanospirillales—that constituted up to 90% of
total bacterial 16S rRNA gene clone (Hazen et al.,
2010) and pyrosequencing (Yang et al., 2014)
libraries. By early June, the plume community had
become dominated by members affiliated to Cyclo-
clasticus and Colwellia (Redmond and Valentine,
2012; Yang et al., 2014). Collectively, these microbial
community ‘snap-shots’, thanks to opportune
research cruises that ventured into the Gulf during
the spill, have hitherto provided a temporal timeline

on the plume microbial dynamics. A contentious
and largely unresolved issue, however, relates to the
role that methylotrophs had played in the fate of
the oil and gas.

During the active phase of the spill (20 April to
15 July), methylotrophic bacteria were not detected
near the leaky wellhead or plume (Hazen et al.,
2010; Valentine et al., 2010; Yang et al., 2014),
whereas these organisms were reported to account
for at least 5% of the total bacterial community after
the spill (Kessler et al. (2011) reported 5–36%
in September 2010; Yang et al. (2014) reported
0.23–6% and 2% in September 2010 and October
2010, respectively). Kessler et al. (2011) postulated
that methylotrophs, mainly Methylophaga, had
contributed to the consumption of methane released
during the spill; their involvement was inferred in
part from the high numbers of methylotrophs
detected in plume waters almost 3 months after
capping of the leaky well, and which were thought
to be remnants of a July bloom of methane-
consuming bacteria (Kessler et al., 2011). This
interpretation, however, was severely contested by
Joye et al. (2011), in part by the fact that the role of
Methylophaga in methane oxidation remains unsub-
stantiated as these organisms are not recognized for
carrying out methane oxidation or being capable of
growth on methane as a carbon and energy source.
The enrichment of methylotrophs detected during
this post-spill period (September to October 2010)
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appears more likely associated with an eukaryotic
phytoplankton bloom that was detected during
August 2010 in the vicinity of the spill site (Hu
et al., 2011). Phytoplankton blooms can produce
large quantities of extracellular high-molecular-
weight dissolved organic matter (Biddanda and
Benner, 1997) that acts as a rich source of methy-
lated sugars (Panagiotopoulos et al., 2013) exploi-
table by planktonic bacteria (Baines and Pace, 1991)
such as methylotrophs (McCarren et al., 2010). The
observed enrichment of these organisms near the
Deepwater Horizon spill site during the late summer
of 2010 may have thus been associated with a role as
terminal degraders of phytoplankton-derived dis-
solved organic matter (Yang et al., 2014).

Whereas a few studies have reported the enrich-
ment of Methylophaga spp. in oil-contaminated
field samples and laboratory experiments with oil
(Vila et al., 2010 and references therein), the ability
of any member of this genus to degrade hydro-
carbons has hitherto remained unsubstantiated. The
known substrate spectrum for the Methylophaga
group is confined exclusively to C1 sources (metha-
nol, methylamine, dimethylsulfide) as sole carbon
and energy sources, with the exception of some
species that are also capable of utilizing fructose
(Janvier and Grimont, 1995). Therefore, the notion of
these organisms to have contributed to the degrada-
tion of high-molecular-weight hydrocarbons during
the Deepwater Horizon spill has, understandably,
been brushed aside—at least until now.

Recent work by our group using DNA-based
stable-isotope probing with uniformly labeled
[13C]n-hexadecane, coupled with cultivation-
based methods, has uncovered for the first time

members of Methylophaga with the ability to utilize
n-hexadecane (Mishamandani et al., 2014; Figure 1).
Although Methylophaga were detected only in very
low abundance within the plume (o0.1% of total
16S rRNA gene sequences in pyrosequencing
libraries), these organisms were actually not meta-
bolically ‘procrastinating’. A recent report assessing
the transcriptional response of water column bacter-
ial communities to the spill revealed that about 1/3
(out of 50) taxa identified in the plume had
significantly higher numbers of transcripts (up to
2 orders of magnitude) relative to their levels in non-
plume waters (Rivers et al., 2013). All these taxa
belonged to the Gammaproteobacteria and included
Methylophaga (represented by three operational
taxonomic units; Table 1) that were reported in a
heightened state of metabolic activity, possibly linked
to their consumption of methanol produced from
methanotrophic oxidation of methane (Rivers et al.,
2013). During crude oil enrichment experiments with
natural seawater (Mishamandani et al., 2014) and
with a non-axenic cosmopolitan marine diatom
(Mishamandani et al., unpublished results), we had
observed a rapid (within 72h) and short-lived bloom
of Methylophaga. Taken collectively, we hypothesize
that a bloom of Methylophaga with hydrocarbon-
degrading qualities may have occurred, but had been
missed, during the initial stages (first couple weeks)
following the DWH blowout.

The discovery of Methylophaga with the capacity
to degrade hydrocarbons not only expands the
paradigm beyond C1-specific metabolism for
this group of methylotrophs, but also adds another
dimension to the role these organisms may
have had in the fate of the oil during the Gulf

Figure 1 Phylogenetic tree of Methylophaga operational taxonomic units (OTUs) 122, 1598 and 2172 identified in oil-contaminated
plume waters at Deepwater Horizon (Rivers et al., 2013) and the hydrocarbon-degrading SIP clone HEX76 and isolated strain SM14
identified in a North Carolina surface seawater sample (Mishamandani et al., 2014). These sequences are shown in bold along with
related type strains of Methylophaga and other methylotrophs in the class Gammaproteobacteria from the SILVA SSU NR 111 NR
database (Quast et al., 2013). GenBank accession numbers are in parentheses. The tree was constructed using the neighbour-joining
algorithm. Nodes with bootstrap support of at least 65% (J) and 90% (K) are marked (1000 replications). Escherichia coli 0157 H7
(AY513502) was used as the outgroup. The scale bar indicates the difference of number of substitutions per site.
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spill—specifically the possibility that these organ-
isms had contributed to a hydrocarbon-degradation
cascade.
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Table 1 Methylophaga OTUs 122, 1598 and 2172 in plume
waters during the active phase of the Deepwater Horizon oil spill
(Rivers et al., 2013) and their similarity, based on 16S rRNA gene
sequencing, to Methylophaga strain SM14

OTU Closest BLASTn matcha % ID to
strain SM14b

122 Methylophaga nitratireducenticrescens
(97%; GU567814)

96.0

1598 Methylophaga thalassica (96%; NR036802) 96.3
2172 Methylophaga frappieri (96%; GU567815) 94.5

Abbreviation: OTU, operational taxonomic unit.
aResults are to the closest type strain; percentage similarity and
accession number shown in parentheses.
b% ID, percentage identity based on 16S rRNA gene sequencing.
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