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Microbial consortia to heavy oll

Heavy oil and the deep biosphere

Themes and variations in anaerobic degradation of
crude olil hydrocarbons

Metagenomic clues to possible alternative
anaerobic alkane activation mechanisms?



Heavy oll and the deep biosphere

Prokaryote biomass comprises around half the biomass
carbon on the planet

Most of this is in deep subsurface sediments
Biodegraded petroleum reservoirs are one of the most
dramatic manifestation of the deep biosphere
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Heavy oil and the deep biosphere

Most of the Earthos petrol eu

Super giant oil fields with

AGhawar i 260 billion bbl oil in place
ABurgan Complex (70 billion bbl)
ABolivar Coastal (30 billion bbl)

Heavy oil fields (6 trillion bbl)

AOrinoco Heavy Oil Belt (1200 billion bbl)
A Athabasca (870 billion bbl)
ACold Lake (270 billion bbl)



ca. 108,000 km? Alberta, Canada

Canadian
OIl Sands
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A considerable proportion of energy production
will come from heavy oll and oil sands In the

future
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Petroleum reservoirs contain huge
amounts of carbon and energy
which could represent a major
resource for deep subsurface

microorganisms

Are petroleum res
In the deep biosphere?



New paradigms for in reservoir crude oll
biodegradation



The aerobic to anaerobic paradigm shift
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Methanogenesis Is a key process for in situ oll
biodegradation in petroleum reservoirs
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Compositional changes in reservoir biodegraded oils
are similar to changes in oil degraded under
methanogenic conditions in the laboratory
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New paradigms for in reservoir crude oll
biodegradation
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What organisms can drive methanogenic
crude oll biodegradation?
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Microbial communities in methanogenic
oll degrading systems

Bacterial communities Archaeal communities
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Proteobacteria
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Syntrophus sp. Clone B2J133795 (Alkane degraing microcosms from ditch mud )
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MO302C2 ) ) -
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MO302E3
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4Uncultured Desulfuromonas sp. clone LupitBOm1-dsml ;EF205264 (gold mine wate
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A Syntrophaceae, specifically Syntrophus and Smithella spp.
are prevalent in methanogenic oil degrading systems



What organisms drive methanogenic crude oil biodegradation?

Log 16S rRNA gene abundance
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What organisms drive methanogenic crude oil biodegradation?
Growth Yields

A Methanogenic consortium

degrading toluene

Qi ded
A 0.1 g cell-C/g toluene-C 3 : uln:m:r?d:d

A Methanogenic consortium
degrading xylene

A 0.09 g cell-C/g xylene-C

A Smithella/Syntrophus on
crude oil alkanes

A 0.02 g cell-C/g alkane-C

A Methanogen yield in crude
oil alkane-degrading
consortium A

A 0.011 to 0.038 g cell-C/g

alkane-C
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What organisms drive methanogenic crude oil biodegradation?

A Although Syntrophus/Smithella are important in many systems, other
organisms potentially involved in methanogenic hydrocarbon degradation

A Important role for Firmicutes (in higher temperature systems?)



Themes and variations in anaerobic
degradation of crude oll hydrocarbons

A Fumarate addition; a central paradigm for anaerobic
hydrocarbon activation
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Themes and variations in anaerobic
degradation of crude oll hydrocarbons

A For alkane degradation alkysuccinates and 4-methyl fatty
acids are key intermediates
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Different Patterns of crude oil biodegradation under
sulfate-reducing and methanogenic conditions
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Themes and variations in anaerobic
degradation of crude oll hydrocarbons

A Crude oil degradation under sulfate-reducing conditions results
In a suite of alkysuccinates from crude oil alkane metabolism

A Under methanogenic conditions alkylsuccinates do not
accumulate

A Syntrophic degradation of crude oil alkanes under
methanogenic conditions is not initiated by fumarate addition
mediated by a glycl-radical enzyme?

A Methanogenic degradation of crude oil may proceed via
fumarate addition but alkyl succinates do not accumulate
because methylmalonyl-CoA mutase- and carboxyltransferase-
like enzymes are much more efficient?



Alternative anaerobic alkane activation
mechanisms?
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Desulfococcus (Desulfobacterium) oleovorans Hxd3

Widdel & Grundmann, 2010. Handbook of Hydrocarbon and Lipid Microbiology. 909



Alternative anaerobic alkane activation
mechanisms?

CH; C-H bond dissociation 355 kJ/mol CH,
Alkanes ca. 400 kJ/mol
CH, Ethyl benzene HO — CH
deydrogenase
»-
\ /"\‘
o0

=

Aromatoleum aromaticum EbN1

Uses benzylsuccinate synthetase
for toluene activation

Boll and Heider, 2010. Handbook of Hydrocarbon and Lipid Microbiology. 1011-1024



Metagenomic clues to anaerobic alkane
activation mechanisms?



Metagenomic analysis
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Metagenome data from methanogenic
microcosms

A Metagenomic analysis conducted on DNA extracted from
methanogenic oil degrading microcosms sampled on day 302 (3
replicates), day 686 and no oil control microcosms on day 302 and
day 686.

A Low levels of DNA, required MDA

A Modest metagenome datasets obtained (454 pyrosequencing GS-
FLX and Titanium)

500,111 reads
169,776,056 nucleotides

Average read length 324 bases



Recruitment plot from methanogenic
microcosm metagenome

Fragments mapped on Syntrophus aciditrophicus SB

Fragments Features Total of
mapped covered features

1,449 721 3,262

The reference genome Syntrophus aciditrophicus SB
contains 1 contig and is 3.1 Mbp.

1,449 fragments map to 721 of 3,262 features from the
Syntrophus aciditrophicus SB genome. The total base
pair length of all sequences mapping to this genome in
Methanogenic microcosm (4445831.3) is 97,400 bp,
resulting in approximately 0.031X coverage.




Alkyl succinate synthetase (assA) genes in a
methanogenic oil degrading metagenome?

A None detected
A Not annotated as assA?
A Archetypal glycyl radical enzyme

A Pyruvte formate lyase/formate C-acetyl transferase?



Alkyl succinate synthetase (assA) genes in a
methanogenic oil degrading metagenome?

A 6 formate C-acetyl transferase orthologues identified

Formate C - acetyltransferase [Desulfatibacillum alkenivorans AK - 01]
Score = 98.2 bits (243), Expect =3 -19
Identities = 41/66 (62%), Positives # 52/66 (78%), Gaps = 0/66 (0%)
Frame = +1

Query 1 QACMSPCPTTKRGFQPMRMANATANCAKIIEYVFTRGFDPIVNMQIGAETHDPATFSSFD 180
QACMSPCPTTK G QP RMA+ATANCAK++EY G+D +V MQ+G +T D| TF+ F+
Shjct 470 QACMSPCPTTKNGVQPFRMASATANCAKMVEYALHNGYDHVVGMQMGPQTGDARTFTDFE 529

Query 181 QVYDAW 198
Q++D
Sbjct 530 QLFDAW 335

[Desulfatibacillum alkenivorans AK-01

A Is this an assA gene?
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