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Densely populated microbial biofilms at the Lost 
City Hydrothermal Field are thriving in carbonate 
chimneys where fluids can reach 90ºC and pH 10-11, 
conditions previously unknown to support life [1]. En-
vironmental sequencing studies of 16S rRNA genes 
have shown that biofilms inhabiting the hottest, highest 
pH zones are dominated by a single archaeal species 
[2]. We report further work that has revealed  metabol-
ic, morphological, and genetic diversity in these 
biofilms that could not have been predicted from 16S 
rRNA sequences. Both methanogenesis and anaerobic 
oxidation of methane (AOM) at 80ºC and pH 10 were 
detected at similar rates. Transmission electron micro-
scopy revealed multiple cell morphologies within the 
biofilm, and some cells contained intracellular mem-
branes that may facilitate methane oxidation. Further-
more, environmental sequencing of the intergenic tran-
scribed spacer (ITS) region [3] and a nitrogen fixation 
gene (nifH) yielded much greater diversity than evident 
in 16S rRNA. The wide phylogenetic range of nifH se-
quences suggests the influence of lateral gene transfer 
(LGT). Indeed, 8% of all metagenomic sequences from 
a Lost City carbonate chimney encode transposases, 
the enzymes required for insertion of DNA during 
LGT. All previously reported metagenomic datasets 
contain at least an order of magnitude fewer trans-
posases [4]. These results suggest that rampant LGT 
among members of the Lost City biofilm may serve as 
a generator of phenotypic diversity in a community 
with very low organismal diversity. 

The emerging view of the Lost City biofilms as 
consortia of multiple subpopulations that are metabol-
ically linked and frequently sharing genes is reminis-
cent of the pre-Darwinian proto-cells imagined by 
some authors as the transition between chemical evolu-
tion and modern cellular evolution [5-7]. Proto-cells 
would have existed in something like a biofilm where 
they were metabolically linked with other proto-cells 
and with whom they engaged in promiscuous lateral 
gene transfer. Frequent genetic exchange would have 
promoted a unity of biochemistry in the early stages of 
evolution while also increasing the phenotypic di-
versity of the community, allowing divergence of dis-
tinct lineages. These hypothetical processes thought to 
be important to the early evolution of life can be dir-
ectly investigated today by examining the biofilms of 
Lost City carbonate chimneys. 
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