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Introduction

Figure 2. Untersee anoxic basin DO content [5].

Results
Methane-generating and methane-utilizing microbial metabolisms may be possible on the icy
moons of Jupiter and Saturn [1-3]. Given this possibility, we are exploring the range of life
capable of survival in an extremely methane-rich terrestrial analog for Enceladus and
Europa. Lake Untersee is located in Queen Maud Land, East Antarctica. It is perennially
covered in three meters of ice, terminating against the Anuchin glacier. The lake contains an
aerobic basin and anoxic basin (Figure 1). The aerobic basin contains a well-mixed water
column and has been measured to be up to 169m deep with a near-constant temperature of
0.25˚C. The anoxic basin has a maximum depth of 100m. While the top 50m of the anoxic
basin are well-mixed, similar to the aerobic basin [5], the level of dissolved oxygen (DO)
begins to drop from 70-75m. Below this suboxic region is a uniformly anoxic environment
(Figure 2). These anoxic waters comprise one of the most methane-rich aquatic ecosystems
on Earth, with concentrations as high as 21.8 ± 1.4 mmol L-1 [4]. Since returning from the
field in late 2018, we have been studying the role of methane in microbial metabolism in this
low temperature, oxygen-free, ice-covered aqueous environment, both within the waters and
at the sediment.

Methods
Sample collection:

• Benthic sediment samples were collected using an Ekman dredge from the anoxic 
basin of Lake Untersee in the austral summer of 2018 

• Water samples were collected using a niskin bottle from 75m, 92m, 99m depths of the 
anoxic basin of Lake Untersee in late 2018 

Extraction and Sequencing:
• An initial step of bead-beating and phenol-chloroform separation was used
• After mechanical cell lysis, a modified version of the Qiagen AllPrep kit was used to 

extract and purify the DNA from the sediments
• An Innovaprep Concentrating Pipette with 0.45µm (LF) and 0.05µm (UF) was used to 

concentrate cells from 100 mL in 100 µL of Tris Elution Buffer
• DNA from the benthic sediments was sequenced on the Illumina MiSeq platform
• DNA from the water samples was sequenced using the Illumina NextSeq platform and 

Swift 1S ligation kit for low biomass samples  
Bioinformatics:

• Analysis of Illumina sequences:
o Raw Illumina reads were trimmed using Trimmomatic-0.35 [6]
o Trimmed reads were assembled using MEGAHIT 1.1 [7]
o The assemblies were annotated with MetaPathways [8] using the Refseq database 

[9]
o Taxonomic profile analysis was done using LCA* [10]
o Methanogenesis pathway analysis was done using R 3.5.3 [11]
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Discussion
An LCA* analysis of the water column and sediments revealed that there were many
unclassified organisms in all the populations, suggesting the possibility of discovering
new extreme organisms, not currently present in databases (Figure 3). A taxonomic
profile built from the RefSeq alignments revealed a high abundance of Proteobacteria in
the classified category. As depth increases within the complete anoxic zone, so does
the proportion of Euryarchaea present, including anoxic methanogenic archaea (Figure
3).
Methanogenesis from methanol was the most abundant pathway, however the
methanogenesis pathway most abundantly found in Euryarchaea, the known anoxic
methanogens, was methanogenesis from carbon dioxide (Figure 4). Given the
presence of nitrogen and sulfur on Enceladus, these metabolic pathways were also
explored. Nitrogen metabolism was found mainly in the water, where the main
pathways was assimilatory nitrate reduction and ammonia assimilation was the most
abundant in the sediment. Sulfate reduction was found to be abundant in the water
while sulfur metabolism was not as abundant in the sediment (Figure 6).

Figure 3. Taxonomic classification and phyla present in the anoxic basin. 

Figure 4. Pathways responsible for methane metabolism and the organisms 
these pathways were discovered in.

Figure 5. Pathways responsible for nitrogen metabolism along with the 
organisms that contain these pathways.

Figure 6. Pathways responsible for sulfur metabolism and organisms that 
these pathways are present in.


