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ABSTRACT. Baikal freshwater sponges live in symbiosis with various species of eukaryotes and
prokaryotes, including diverse chlorophyll-containing microalgae. Within the last years, there has been
an increase in the detection of diseased and dead Baikal sponges. The etiology and ecology of these
events remain unknown. The main aim of this work was to test the use of primmorph (L. baicalensis)
cell cultures as a tool for investigating the microbiomes of sponges. We found that the microbiome
community of healthy sponge and primmorphs formed a group separate from the community of
diseased sponges and infected primmorphs. This confirms the suitability of the primmorphs cell culture
as a model sponge system. Mass mortality of green symbionts (Chlorophyta) and a shift in the microbial
communities of sponges/primmorphs have been discovered. By using primmorphs cell culture, it was
possible to identify potential opportunistic bacteria that can work together, potentially enhancing their
pathogenic action. The primmorphs system described here is a powerful model system for studying

basic mechanisms of sponge disease development.
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Endemic freshwater sponges (Demosponges,
Lubomirskiidae) dominate in Lake Baikal in the littoral
zone at depths of 3 to 35 m. They cover close to 50% of
the available surfaces (Pile et al., 1997) and represent
a complex consortium of many species of eukaryotes
and prokaryotes (Sand-Jensen and Pedersen, 1994; Bil
et al., 1999). The sponges are chlorophyll-containing
freshwater organisms due to their association with
various chlorophyll-producing algae (Latyshev et al.,
1992; Bil et al., 1999). Within the last years, there has
been an increase in the detection of diseased and dead
Baikal sponges. The etiology and ecology of these events
remain unknown. The main aim of this work was to test
the use of primmorph (L. baicalensis) cell cultures as a
tool for investigating the microbiomes of sponges. The
development of a model to investigate the transmission
of pathogenic agents from diseased sponges requires
a detailed study of pathogen-host interactions in the
environment. However, these experiments with sponges
are difficult to perform under the natural conditions of
Lake Baikal. We used the cell culture of primmorphs for
experimental infection in vitro to identify changes in the
microbiomes of diseased sponges. Another aspect of our
work was to show that it is possible to use primmorphs
in vitro to study microbiome communities in diseased
sponges, with subsequent sequencing of 16S rRNA gene
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fragments (Ghyselinck et al., 2013). Bioinformatics and
statistical analyses were performed using the QIIME2
2019.1 pipelines (Bolyen et al., 2018).

We found that the microbiome community
of healthy sponge and primmorphs formed a group
separate from the community of diseased sponges and
infected primmorphs. This confirms the suitability of the
primmorphs cell culture as a model sponge system. Mass
mortality of green symbionts (Chlorophyta) and a shift
in the microbial communities of sponges/primmorphs
have been discovered. Microbes in diseased sponges
and infected primmorphs belonged mainly to the
Bacteroidetes and Proteobacteria and were much more
diverse at the family level. Among these, the families
Flavobacteriaceae, Burkholderiaceae, and Moraxellaceae
were dominant. We observed the increase in relative
abundance of Flavobacteriaceae in the diseased sponges,
especially in cultures of the infected primmorphs. The
microbial community of a healthy group of sponge/
primmorphs was mainly composed of the phylum
Cyanobacteria (Chlorophyta symbiont of Lubomirskia
sp.) with a minimum abundance of bacteria, which
indicates their healthy state. These wunicellular
eukaryotes entering the complex symbiotic communities
of Baikal sponges produce a significant amount of
carbohydrates, chlorophyll, fatty acids, and secondary
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metabolites (Latyshev et al., 1992; Bil et al., 1999).
The symbiosis between algae and freshwater sponges
is known to provide mutual benefits of photosynthesis,
as oxygen and nutrients pass from algae to sponge and
carbon dioxide and phosphate — from sponge to algae
(Wilkinson and Garrone, 1980; Pita et al., 2018). The
results of this research establish primmorphs as an in
vitro model for sponge-microbe interactions, which will
help to expand our understandings of the symbiotic
relationships of microorganisms with freshwater Baikal
sponges during mass mortality.
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