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Abstract:  Identifying the diversity, distribution, and 
functional roles of microorganisms in the environment 
is essential to understanding ecosystem processes on 
Earth or elsewhere. Microbial membrane lipids may be 
used as molecular proxies for identifying microbial 
communities in contemporary environments [1-3]. 
Diagnostic compound classes include membrane lipids 
that are critical to the structural integrity and physiolo-
gy of cells. Bacteriohopanpolyols (BHPs) are a prime 
example [4]. In order to apply BHPs and other molecu-
lar markers, we must first identify their structural di-
versity, biological sources, and physiological func-
tions. 

The McMurdo Dry Valleys contain numerous ice-
covered lakes, meltwater ponds, and glaciers with cry-
oconite holes. They vary in illumination, geochemistry, 
sedimentation, and microbial community structure. 
Studies of these extreme environments and the organ-
isms that populate them provide valuable insights into 
variants of “life as we know it”, with implications for 
the evolution and search for life elsewhere.  

The lipid assemblages of these microbial communi-
ties have not received extensive study and only recent-
ly have they been characterized using genomic ap-
proaches [5-8]. Here, we describe the composition of 
accumulated organic matter in Lakes Vanda, Fryxell, 
and Joyce, of the McMurdo Dry Valleys. BHPs are of 
considerable interest due to their recalcitrant hydrocar-
bon skeleton and potential to serve as biomarkers for 
particular organisms, metabolisms, or environmental 
conditions. For example, in our data, the relative abun-
dance of 2-methylhopanoids (2-MeBHP) is unprece-
dented and may reflect the unusual seasonal light re-
gime of this polar environment [9-11]. Light levels 
fluctuate seasonally, favoring low-light-tolerant cya-
nobacteria and possibly specific lipid assemblages. 

At 9 m depth in Lake Vanda, benthic microbial mats 
grow around and under cobbles and boulders and serve 
as a specific opportunity to test the influence of irradi-
ance on lipid distribution in an otherwise homogenous 
environment. In situ illumination of the mat was mod-
eled to provide an estimate of incident irradiance at 
any point on the mat surface (37-150 µmol photons m-2 
s-1; 12). The top layers of the microbial mat were then 
sampled across the shading gradient from under a rock 

overhang to the open water. Surface layers were isolat-
ed and extracted for total lipids. Bacteriohopanetetrol 
(BHT) is a pervasive bacterial membrane lipid and is 
abundant in all mat surface samples. 2-
methylbacteriohopanetetrol (2-MeBHT) is also abun-
dant and varies in relation to BHT across the transect. 
The “2-MeBHT ratio” (2-MeBHT/BHT+2-MeBHT) is 
highest underneath the boulder at <20% relative irradi-
ance. The 2-MeBHT ratio decreases linearly across the 
gradient from regions receiving <20% relative irradi-
ance to the open water (100% relative irradiance). This 
suggests that BHP methylation at the C-2 position may 
be an adaptation to low irradiance in this polar envi-
ronment.  

By establishing correlations among environmental 
conditions, microbial community composition, and 
lipid assemblages in the McMurdo Dry Valleys, our 
data provide valuable ecological insights as to life in 
such extreme environments and for the development of 
biomarkers that allow us to identify similar ecosystems 
in the Earth’s geological record and elsewhere.  
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