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In glacier environments, which are covered with snow and ice permanently,
cold-adapted organisms such as bacteria, algae, and invertebrates form unique
ecosystems. While investigations on glacier microorganisms have been conducted
intensely, ecology and evolution of glacier invertebrates and their association with
microorganisms have scarcely been studied. In this study, structure and metagenome of
bacterial communities associated with the glacier invertebrates were investigated in
detail. Nucleic acids extracted from the entire body of the glacier ice worm
Mesenchytraeus solifugus, and the gut and feces of the glacier stonefly Andiperla willinki
were used for analyses.

Bacterial community structures assessed by 16S rRNA sequences indicated that
bacterial communities associated with ice worms and glacier stoneflies were distinct from
those on their respective habitat glacier surfaces. In ice worm samples, both
glacier-indigenous and animal-specific-associated bacteria were detected. By using
fluorescence in situ hybridization (FISH), a Mollicutes phylotype Ms-13, which was
affiliated with an animal-gut-associated bacterial lineage, and glacier-indigenous
Arcicella phylotypes were specifically detected on the gut wall and epidermis of ice
worms, respectively.

In glacier stonefly samples, phylotypes affiliated with animal-gut-associated bacterial
lineages such as Lachnospiraceae, Porphyromonadaceae, and Erysipelotrichaceae were
abundantly detected. FISH analysis revealed that three phylotypes affiliated with each of
these three families were located on the peritrophic matrix in the midgut of the
stoneflies. Metagenomic analysis on the gut bacterial community of the glacier stoneflies
indicated that several stonefly-gut-specific bacterial lineages harbored genes encoding
carbohydrases which degrade recalcitrant polysaccharides such as cellulose and chitin. In
addition, genes associated with nitrate respiration and ammonium uptake were detected.

These results imply that glacier invertebrates and their associated bacteria occupy
the unique niches in the glacier environments. Activity of microorganisms associated
with glacier invertebrates might contribute to the host nutrition and carbon/nitrogen
cycles in the glacier environments.
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