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Introduction: The microbial communities that char-
acterize modern hydrothermal ecosystems serve as
modern analogs to those thought to have dominated
early environments on Earth and possibly Mars. The
importance of such hydrothermal systems as targets in
exploring for an early biosphere on Mars is well estab-
lished [1].  Such work provides an important basis for
the analysis of samples associated with such environ-
ments. The surviving molecular structure and isotopic
signature of diagnostic lipid biomarkers found as
chemical fossils can provide a link between modern
bacterially dominated ecosystems and their ancient
counterparts. We are interested in the processes in-
volved in the deposition and/or degradation of organic
material in moderately thermal, silicifying microbial
mats, particularly as this relates to the potential for
preservation of some biomarker components known to
be more highly resistant to microbial degradation.

Results: Our goal is to establish community biosigna-
tures and to understand their potential preservation
within silica-rich microbial ecosystems. Here we are
interested in the microbial communities associated
with a thermal gradient supported by the outflow of
Grand Prismatic Spring, Yellowstone National Park.
Transects were established from the high temperature
spring source to the cooler distal apron through both
Phormidium and Calothrix zones.  Our initial sample
collection was done November 3, 2009. Near the
source, a robust green streamer mat and underlying
green biofilm were present. Microscopic examination
revealed the streamer fabric was composed of a uni-
cellular Cyanothece entwined in fine bacterial fila-
ments. Below the surface green biofilm a distinct
pinkish sinter extended approximately 1-cm in depth.
The temperature of the shallow source flow water  in
this zone was only 56°C due to rapid cooling.

The membrane lipids representative of the microbes in
both the green streamers (GS) and pinkish sinter mat
(PSM) were composed of distinct types of ester-linked
fatty acids (FA) indicating the presence of novel bacte-
rial groups.  A relatively large proportion of both gly-
colipids and phospholipids, particularly in GS, was
comprised of three branched FA classes. 1) The iso-
anteiso FA normally associated with gram-positive
bacteria but also some Chloroflexi .  2) A series of mid-
chain branched FA (possibly 10-methyls) from C17 to
C21, primarily C19, and 3) a series of novel 2-methyl FA
from C18 to C22. These 2-methyl fatty acids were iso-
lated primarily from the phospholipids of both GS and

PSM samples, and in the underlying sinter were ac-
companied by a series of 2,X-dimethyl fatty acids.
Wax esters, a biomarker for Chloroflexi, were present
in large amounts in the PSM with a FA to WXE ratio
of 2:1, and were composed of a normal, normal-series
(C32-36), composed of at least one C17 moiety and pri-
marily (45%) C17-C17.  Cyanobacterial alkanes in the
GS were represented by two apparent classes: 1) a se-
ries represented by n-17, monomethyl-17 (7-, 6- and 5-
methyls), and dimethyl-17 (7,11-dimethyl), and 2) n-
19 and two isomers of n-19:1. Also present in the GS
was another Chloroflexi  biomarker,  long-chain di- and
trienes (C29-31), primarily C31:3 >C29:2> C31:2. These long-
chain alkenes were present at much lower concentra-
tions in the PSM, and together with lower WXE in the
GS, indicate different Chloroflexi in GS and PSM
communities.

Phylogenetic analysis of the the 16S rRNA gene se-
quences obtained from the green streamer showed that
almost one-third  of sequences were cyanobacterial.
Members of the Chloroflexi phylum were also well
represented (12% of clones). Many of the unclassified
bacteria were allied with the Aquificales. By contrast,
the diversity of the pink sinter was primarily Chloro-
flexi (50%) and no cyanobacterial sequences were re-
covered.

Sampling was again carried out on July 16, 2009 under
supervision of the YNP research rangers. The tem-
perature of the shallow spring outflow over the same
area was now 65.9°C. Although Cyanothece in other
YNP thermal features is known to grow in this tem-
perature range, no streamers were observed. Instead, a
moribund, pale green biofilm irregularly coated areas
of the surface sinter. Although light is more abundant
in this season which is normally considered to support
higher growth rates, the Grand Prismatic streamer mat
appears to be dorminant during this period.
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