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1. Microorganisms that produce colored snow:

Identification of snow algae and bacteria from Mount Asahi
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Microorganisms that produce colored snow: Identification
of snow algae and bacteria from Mount Asahi
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Introduction

During the spring snowmelt season of polar and alpine environments, psychrophilic
microalgae blooms paint the snowfields in green, orange and pink coloration. These microalgae
make use of the window of opportunity where conditions are sufficient for growth, followed by
mating and returning to a resting state to survive extreme conditions such as high light, freezing
conditions and desiccation. Along with algae, heterotrophic bacteria are known to co-habit such
psychrophilic ecological niche in an interconnected metabolic network. Algae photosynthesize
and fix carbon, which gets released into the environment, supporting bacteria growth, while
bacteria recycle elements back into the environment and can also provide algae with crucial
nutrients, such as vitamins, or signals important in the life cycle of algae. Although algae
coloring snowy peaks have been observed for many years, the community dynamics and cellular
processes of organisms in such environments are understudied.

In order to further understand the community dynamics of snow algae and bacteria, colored
snow from Mount Asahi (Higashikawa, Hokkaido, Japan) was collected over several time points
in June-July of 2016 to characterize the growth environment of the snow and to identify the

algae and bacteria present in the snow. Additionally, samples were brought back to the



laboratory for isolating algal and bacterial strains for cultivation. Here, sampling and cultivation

methods, as well as the results will be presented.

Figure 1. A. Removing a core from the snow. B. The core shows red coloration in the top 5 cm
of the snow. C. A vertical dig of the snow shows patchy distribution on the surface.

D. Red snow observed by microscopy reveals abundant red algal cysts.

Snow sampling and microbial community identification

Sampling was conducted in the Sugatami lake area of Mount Asahi in June and July of 2016.
Red colored snow patches were observed, often on snow surface with a slight slope (Figure 1A).
A core was removed from the snow, which revealed that the algae concentrated in the top ~ 5 cm
of the snow surface (Figure 1A-B). A vertical dig revealed a patchy distribution of the algae on
the snow surface (Figure 1C). Upon collection and analysis of these snow samples, we identified
that the coloration come from red algal cysts (Figure 1D). DNA analysis of the snow samples
revealed the dominant algae to be Chloromonas sp. Additionally, the snow sample contained an
abundant community of bacteria, which are likely feeding off of the carbon sources that were

photosynthetically fixed by the snow algae.



10 um

Figure 2. A. A low temperature incubator (5 °C) with a light source allowed for cultivation of
the snow algae. B. Snow algae Chloromonas sp. co-isolated with a single strain

belonging to Betaproteobacteria.

Laboratory cultivation and strain isolation

Snow samples were brought back to the laboratory and cultured on agar plates and liquid
media. A custom-made light source was installed in the incubator to allow for algal growth
(Figure 2A). A dominant alga in the snow, Chloromonas sp. was successfully cultured in the
laboratory. Further investigation revealed that a Betaproteobacterium selectively co-isolated with
the algae (Figure 2B). This bacterium appears to promote algal growth, demonstrating a tight

metabolic connection between the alga and bacterium.

Conclusions

The sampling trip conducted in 2016 resulted in the identification of the microbial
community of colored snow in Mount Asahi for the first time. In order to further understand the
yearly changes in the community, we repeated the sampling trip in June-July of 2017 and are
currently analyzing the data. It is clear that the red snow contains a high abundance of microbial
cell number and that there are unique metabolic interactions between algae and bacteria.
Through repeated sampling trips and in-depth analysis of laboratory-grown strains, we aim to

further elucidate the microbial metabolic network of this unique snow environment.

Reference literature
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