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Latent hydrocarbons from cyanobacteria
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Straight-chain, or normal, alkanes are the
simplest class of organic compounds and are
prominent components of petroleum, in
which they ultimately derive from geo-
thermo-chemical reactions acting over mil-
lions of years on biological debris (1). Many
of the same compounds are also produced
selectively by enzymatic reactions in the bio-
sphere. With the notable exception of meth-
ane, a catabolic end product for some
archaea, biogenic hydrocarbons are typically
anabolic products that do not accumulate
to high concentration. Nonetheless, the bio-
sphere’s capacity for hydrocarbon production
is impressive in terms of both functional di-
versity and evolutionary span. A range of
alkanes and alkenes are produced by plants
(2, 3), bacteria (4), and insects (5); archaea
produce alkenes (6), and even polycyclic

aromatic hydrocarbons are produced in ter-
mite colonies (7) and possibly by fungi (8).
Their functions in these organisms include
water balance, self-defense, signaling, and
membrane architecture. Algae have long been
of interest because of their potential for bio-
fuel production (9); cyanobacterial produc-
tion of 15- and 17-carbon alkanes, known
since 1971 (10), has recently been shown to
proceed via enzymatic decarbonylation of
the acyl chains typically used for membrane
lipid tails (11).

In PNAS, Lea-Smith et al. (12) assess the
n-alkane and alkene production capacity of
the globally important cyanobacteria Pro-
chlorococcus and Synechococcus. They conduct
a genetic dragnet of 51 sequenced isolates to
demonstrate that all retain the genetic capac-
ity for hydrocarbon production. They then
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Cartoon representing the (A) short-term hydrocarbon cycle proposed by Lea-Smith et al. (12) and (B) long-

term hydrocarbon cycle. Both cycles predate human activities, derive from algae, and rely on bacterial hydrocarbon
consumption, but they differ in where and how the hydrocarbons are produced, time to produce, specificity of the
products, and turnover time. By tapping geologic reservoirs humans have short-circuited the long cycle (/nset).
Lea-Smith et al. (12) propose that the short-term cycle primes the ocean’s microbiome to manage hydrocarbon influx

from the long-term cycle.
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survey seven representative strains in labora-
tory culture in 2-L flasks and quantify hydro-
carbon production in each, reporting dry
weight percentages of 0.149-0.368% and
0.022-0.138% for three Prochlorococcus and
four Synechococcus strains, respectively, inclu-
sive of three compounds, n-pentadecane,
n-heptadecane, and some 8-heptadecene. This
effort represents the first quantification of hy-
drocarbon production in Prochlorococcus, a
genus estimated to account for ~15% of net
ocean primary productivity (13).

By scaling the fractional yield of alkanes
produced in these seven laboratory cultures
to the global productivity of both genera, the
authors calculate annual global-scale hydro-
carbon production of ~308-771 million tons.
These numbers are staggering in the frame of
reference of oceanic hydrocarbons, and if al-
kane productivity truly is of this magnitude,
then Prochlorococcus alone may produce as
much hydrocarbon as does Saudi Arabia
(14). However, evidence to support hydrocar-
bon production of this magnitude is scant
because accumulation has not been observed.
Instead, the authors argue based on their
scaling of the culture studies that a latent
hydrocarbon cycle must exist in the ocean,
in which cyanobacterial hydrocarbons feed
hydrocarbon-degrading bacteria. They pro-
pose that this tight coupling of cyanobacterial
production to bacterial biodegradation in
the surface ocean represents a “short-term
hydrocarbon cycle” that they contrast to
the “long-term hydrocarbon cycle” of geo-
thermo-chemical production and seepage
that is presently being short-circuited by in-
dustrial production and use of petroleum
(Fig. 1). The authors argue that these cycles
are linked by the idling of hydrocarbon-
degrading microbes, sustained by cyanobac-
terial hydrocarbons and ready to degrade
releases from natural seeps and anthropo-
genic oil pollution (15).

These latest results highlight a disparate
array of questions that we consider in the
paragraphs below:
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e How do cyanobacterial hydrocarbons par-
tition between evaporation, export to the
deep ocean, and surface-ocean accumula-
tion and cycling?

e What would a short-term hydrocarbon cy-
cle imply for intrinsic bioremediation of
oil spills?

o For what purpose do cyanobacteria produce
hydrocarbons?

e Can cyanobacterial hydrocarbons be har-
vested as biofuel?

Although the magnitude of cyanobacterial
hydrocarbon production in nature remains
unsettled, support for its importance can be
gained from alkane concentration measure-
ments in the water column (12) and remote
marine atmosphere (16, 17). Although the
atmospheric concentrations are exceptionally
low, they indeed reveal elevated concentra-
tions of n-pentadecane and n-heptadecane
relative to other alkanes, with phytoplankton
implicated as the source. Interestingly, the
elevated concentrations are readily apparent
in the tropical Pacific (16), where cyanobac-
teria account for most of the primary pro-
duction, but are absent or transient in coastal
and North Atlantic waters, where eukaryotic
phytoplankton tend to be dominant. Other
hydrocarbons, including the branched al-
kanes pristane and phytane, were of greater
abundance in these environments. Although
these findings support the occurrence of cya-
nobacterial hydrocarbon production in the
ocean, the detection of these hydrocarbons
in the atmosphere demonstrates that evapo-
ration and photochemical loss need to be
reconsidered alongside the short-term, or la-
tent, hydrocarbon cycle.

Among other implications, Lea-Smith
et al. (12) suggest that cyanobacterial alkanes
could serve to sustain a population of hydro-
carbon-degrading bacteria over broad ocean
expanses, like the idling of a global motor. In
this scenario, hydrocarbon degraders are
poised to bloom in response to pulsed inputs
such as oil spills. Future efforts to explore
this far-reaching hypothesis will need to
grapple with several major obstacles. First,
n-alkanes are only one compound class in
oil (Fig. 1), and a population that maintains
n-alkane biodegradation pathways need not
also maintain the pathways required for deg-
radation of the more complex hydrocarbons
that can constitute a large fraction of oil.
Further, the full context of the ocean’s
hydrocarbon-degrading microbiome requires
consideration of all of the inputs (15), in-
cluding atmospheric, continental, seepage,
and other biota. Third, the availability of
cyanobacterial hydrocarbons to biodegraders

Valentine and Reddy

will depend heavily on their physical state:
Do they partition with cellular mass, adsorb
to particles, form vesicles, or partition to
form biological slicks at the sea surface?
Fourth, to what extent do evaporation and
sedimentation reduce the inputs to the short-
term hydrocarbon cycle? For a recent con-
trolled release experiment in the North Sea,
95% of n-pentadecane was found to evapo-
rate within the first day following a surface
release (18). Finally, the concentration of oil
during an active spill is likely to exceed the
concentration of cyanobacterial hydrocar-
bons by a factor of a million, with dramatic
implications for access to substrate and nu-
trients by the microbial responders. In the
case of the Deepwater Horizon disaster, for
example, alkanes persisted for long periods
(19), underscoring the inconsistency with
which oceanic bacteria respond to spills.
Whereas the magnitude and biogeochem-
ical importance of cyanobacterial hydrocar-
bon production remains an open question, a
biological function(s) for alkanes in cyano-
bacteria is certain but elusive. Supporting a
core biological function is the near ubiquity
of hydrocarbon production among marine
cyanobacteria as well as the conservation of a
common, biosynthetic pathway. Their hydro-
phobicity, inertness, and abundance point to
possible functions for hydrocarbons in cellu-
lar membranes and or in lipid vesicles.
Cellular membranes, especially the thylakoid,
are an appealing possibility as hydrocarbons
could blend into the lipid bilayers, where
they would modulate permeability, flexibility,

curvature stress, and fluidity while being
impervious to oxidative damage that plagues
highly unsaturated membrane lipids (20).
Observed hydrocarbon concentrations are
equivalent to ~10% of bilayer-forming mem-
brane lipids, consistent with low-level blend-
ing per the DHA principle (20). A role in
lipid vesicles is also appealing because those
hydrophobic entities are now thought to be
abundant in cyanobacteria (21). In both
cases, the use of hydrocarbons in membranes
provides an intriguing benefit, because their
biosynthesis requires no net use of nutrients;
a similar adaptive strategy has been reported
for anionic, bilayer-forming lipids (22).

Hydrocarbons still serve as the predomi-
nant fuel source for society and the gener-
ation of diesel-ready hydrocarbons by
cyanobacteria is evocative. Nonetheless, scal-
ing production remains difficult and more
costly than fossil fuels (23). New technolo-
gies are needed to develop competitive prod-
ucts as reflected by the transition from the
US Department of Energy’s Aquatic Species
Program (1978-1996) (9) to a new technol-
ogy roadmap (24).

Biological hydrocarbon production is not
unusual, but production by organisms as
abundant as Prochlorococcus and Synechococ-
cus is noteworthy. Whether or not their pro-
duction scales with their numbers to the
magnitude suggested in PNAS, the work of
Lea-Smith et al. (12) provides useful insight
into the nexus of biogeochemical cycles, pe-
troleum pollution, and biofuel production for
modern society.
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