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Introduction:  Mid-chain methyl branched alkanes 

such as monomethylhexa- and heptadecanes (MMA) 
and dimethylheptadecanes (DMA) are considered bio-
markers for cyanobacteria [1, 2, 3].  MMAs have been 
documented in a large number of cyanobacterial mats 
and cultures [1, 2, 3, 4]. DMAs are found extensively 
in cyanobacterial mats throughout the world [1, 2, 3, 
5], but have been characterized in only a few cyano-
bacterial cultures [3, 6, 7].  In this study, we report the 
synthesis of a series of MMAs by anoxygenic photot-
rophic marine Chloroflexus-like organisms (MCLOs).   

Two strains of mesophilic and halophilic MCLOs 
were enriched from the salterns of Exportadora de Sal, 
Guerrero Negro, Baja California Sur, Mexico in 1990 
[8, 9] and 1998 (this study).  To the best of our knowl-
edge, these are the only marine strains of filamentous 
anoxygenic phototrophs (FAPs) in culture in the world.  
FAPs are the most deeply branching phototrophic line-
age on the 16S rRNA tree of life [10] and may have 
played a key role in the early evolution of photosyn-
thesis.  We performed a lipid and compound-specific 
stable carbon isotopic analysis of the cultures using gas 
chromatography-mass spectroscopy (GC-MS) and gas 
chromatography-isotope ratio mass spectroscopy (GC-
IRMS).    

Methods and Results:  The MCLO culture en-
riched in 1990 (‘Candidatus Chlorothrix halophila’ 
gen. nov., sp. nov.) and the MCLO culture enriched in 
1998 were grown at 35ºC under incandescent light  
with 7.5 mM sulfide as previously described [9].  The 
filaments were harvested on a 10 µm filter and rinsed 
with 20 ml of sterile media to remove contaminating 
unicells.  The unicells that passed through the 10 µm 
filter were subsequently collected on a 0.2 µm filter 
and analyzed as a control.  The 10 and 0.2 µm filters 
were also analyzed.    

The hydrocarbon fraction of both strains were 
dominated by a series of mid-chain branched mono-
methylalkanes (8-methylhexadecane, 8-
methylheptadecane, 9-methyloctadecane, and a 
branched nonadecane).  These compounds were not 
detected in the unicells collected on the 0.2 µm filter, 
nor in the filter papers.   

We prepared 16S rRNA clone libraries of the 1998 
enrichment culture using general Bacterial primers.  
Analysis of 58 clones revealed that 43% were most 

similar to Candidatus Chlorothrix halophila, 29% were 
most similar to Halanaerobium sp., 16% were most 
similar to Bacteriodetes, and 12% were unclassified.  
There were no cyanobacterial sequences detected in 
the 1998 enrichment culture, or in the 1990 enrichment 
culture [9]. 

Discussion:  Mid-chain methyl branched alkanes 
were previously thought to be synthesized by cyano-
bacteria.  Here we demonstrate that they are also syn-
thesized by filamentous anoxygenic phototrophs that 
use sulfide as an electron donor for photosynthesis.  
These  organisms were enriched from different areas of 
the salt evaporation pond 6 over a span of eight years.  
Such a spatial and temporal separation suggests that 
the ability to synthesize these compounds is truly char-
acteristic of the MCLOs.    

This is not the first time that lipid biomarkers 
thought to be synthesized only by cyanobacteria were 
found in other anoxygenic phototrophs.  A well-
publicized example is the synthesis of 2-
methylbacteriohopanepolyols (2-MeBHPs) by the pur-
ple phototroph Rhodopseudomonas palustris [11].  
This work drew into question the utility of 2-MeBHPs 
and their diagenetic equivalent (2-methylhopanes) as 
biomarkers for cyanobacteria.  Our work demonstrat-
ing that mid-chain branched monomethylalkanes are 
produced by MCLOs similarly suggest that the source 
of these compounds in the sedimentary rock record 
may be more diverse than previously thought.          
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