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Hymenobacter nivis was isolated from algae-rich red snow in Antarctica (Kojima
et al., 2016). H. nivis was found to be by far the most dominating bacterium in
red snow, suggesting that it is well-adapted to flourish in the snow surface
environment (Fujii et al., 2010). This study aims to understand the adaptive
strategy of H. nivis in low temperature and light-exposed environments through
genome and proteome analyses as well as growth tests.

. Analyzing the genome of Hymenobacter nivis P37
The genome of H. nivis P3T was sequenced using PacBio (Takara Bio).
Genome sequencing reveals the presence of pathways adapted for cold and
high light environments.
H. nivis P3T genome contains the carotenoid biosynthesis pathway and light-
reactive proteins such as proteorhodopsin, cryptochromes, a phytochrome,
deoxyribodipyrimidine, and photolyase.

Table 1. Genomic features of Hymenobacter nivis P37

Features

Genome size (bp) 5,027,597
Contig 1

DNA GC content (%) 62.5
Total protein-coding genes 4604

Protein-coding genes with function prediction 2563
Protein-coding genes of hypothetical function 2041

rRNA 9
tRNA 43
Number of subsystems 364
Protein-coding genes in subsystems 1324

. Growth of Hymenobacter nivis P3Tis enhanced under light

* Growth of under light and dark conditions were compared at 5 °C and 15 °C
* Cell densities were determined using flow cytometry

* Both the speed and capacity of growth were enhanced under the light

* These results indicate that H. nivis can utilize light positively for growth
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Fig. 1. Growth of H. nivis P3T monitored under dark and light (200 umol/m2s)
conditions at 5 °C (panel A) and 15 °C (panel B).
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111, H. nivis cells grown in the dark produce more EPS

* Total carbohydrates and protein levels in the extracellular polymeric
substances (EPS) were determined with cells at stationary growth phase.
* EPS was higher under the dark conditions on a per cell basis.
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Fig. 2. Total carbohydrate (panel A) and protein (panel B) concentrations
from extracellular polymeric substances (EPS) extracted from H. nivis
P37 cells at stationary phase after growth at 5 °C. P=1.4x10* (panel A)
and P=1.8x10¢ (panel B) by non-paired two sample T-test.

IV. Light-reactive proteins are expressed in the proteome

« Total protein was extracted from H. nivis P37 cultured in the light and dark
conditions at 5 °C.

* The proteome was analyzed through mass spectrometry using a Q-Exactive
plus Orbitrap mass spectrometer (Thermo Fisher Scientific).

* The proteome confirmed the expression of light reactive proteins such as
proteorhodopsin, phytochrome, photolyase and cryptochromes.
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Fig. 3. Proteome of H. nivis P3T under dark and light growth conditions. 1724
proteins are plotted on the graph and the values plotted represent the % molar
emPAl for each protein identified with two or more unique peptides.

V. Conclusions

The genome of a Antarctic heterotrophic bacterium Hymenobacter nivis P3Twas
sequenced, revealing several genes encoding for putative light-reactive proteins.
Growth rates were enhanced under the light, while EPS accumulation was higher
in the dark. Further analysis of the proteome of dark- and light-grown cells at 5
°C identified that the proteome remains similar between the two conditions.
Furthermore, the expression of putative light-reactive proteins were confirmed.
These identified proteins were: proteorhodopsin, cryptochrome, phytochrome,
and deoxyribodipyrimidine photolyase. The light-enhanced growth of H. nivis
P3T and the expression of proteorhodopsin and other putative light-reactive
proteins suggest that this bacterium is likely to sense and utilize light, resulting
in a growth advantage under the light-exposed conditions of Antarctic red snow.
The results from this study has been published (Terashima et al. 2019).
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