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Abstract — In this work, we explored two groups of proteins,
the carbohydrate-binding lectins and enzymes of carotenoid
metabolism, in amphipods of the Lake Baikal region based on
the available transcriptome data. We found that different
species possess quite similar repertoires of these proteins. The
obtained sequence data are instrumental for further molecular-
level exploration of amphipod physiology.
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Introduction

The ancient Lake Baikal, located in Eastern Siberia, hosts
a spectacular diversity of largely endemic fauna [1]. Among
the most diverse groups of its inhabitants are amphipods
(Crustacea, Malacostraca, Amphipoda), comprising over 350
species and subspecies in the lake. At the same time, shallow
gulfs of the lake and smaller water bodies in the region are
inhabited by just one species, which is a potential invader but
so far not found in the open part of Lake Baikal [2]. A number
of amphipod species of the Baikal region have been used in
ecophysiology- and ecotoxicology-, and biomonitoring-
related studies [3-6, efc.]. An important contributor to the
changes in the physiological state of an organism is its
immune system. Recently, next-generation sequencing data
for Baikal amphipods became available [7, 8], and these data
can help in the exploration of the immune system of these
emerging model species. In this work, we focused on two
factors important for the immune system of crustaceans,
lectins [9] and carotenoid metabolism [10].

Materials and methods

To check the presence of transcripts encoding putative
lectins and carotenoid metabolism enzymes, we searched the
available transcriptome assemblies of amphipods of the
Baikal region [7, 8] with known sequences of these enzymes
found in other species [9, 11, etc.] using the blastx and blastp
algorithms of the ncbi-blast [12] and diamond [13] packages.
Protein sequences were predicted with TransDecoder [14].
Estimation of the expression level was performed with
Salmon [15] using a wrapper script provided by Trinity [14].

Results and Discussion

Lectins

Lectins are a very ancient and versatile group of proteins
containing carbohydrate-binding domains. Members of
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different lectin subfamilies bind to various carbohydrates
(e.g., mannosides, galactosides, sialic acids), even though the
ranges of substrates are overlapping, have characteristic folds
and act both inside the cells and in the extracellular matrix
[16]. The results of the search for lectins were similar for two
endemic  amphipod  species of Lake  Baikal
(Eulimnogammarus cyaneus and E. verrucosus) and a
potential invader species, Gammarus lacustris (Table 1).
Further exploration of the expression levels of these
transcripts revealed a relatively high organism-level
expression (>10 transcripts per million) only in type C lectins
in all three species.

This result may mean that some of the type C lectins are
expressed constitutively and/or in multiple tissue types, while
the other types are expressed only in particular types of cells
or only in response to infection.

TABLE L PRESENCE OF DIFFERENT FAMILIES OF LECTINS AND
ENZYMES OF CAROTENOID METABOLISM IN AMPHIPOD TRANSCRIPTOMES
Number of
Functional group | Protein (sub)family identified
transcripts®
C 136/111/159
S (galectin) 14/9/13
Lectins M 22/12/14
L 10/8/9
P 8/2/5
Carotenoid CrtW (ketolase) 5/6/4
metabolism CrtZ (hydroxylase) 48/35/21
enzymes CrtS 117/84 /138

& Shown are the counts of transcripts encoding proteins similar to the reference sequences of the
corresponding family in E. cyaneus, E. verrucosus and G. lacustris, respectively (e-value < 107).

Carotenoid metabolism enzymes

It is well-known that the absolute majority of animals do
not synthesize carotenoids but need to rely on their presence
in the food source, and crustaceans are no exception [17].
However, they are capable of bioconversion between
carotenoids, mainly by oxidizing orange beta carotene present
in their diets into dark-red astaxanthin via a cascade of four
reactions. These reactions require two enzyme activities, a
3,3’-hydroxylase (CrtZ) and a ketolase (CrtW). These
enzymes have been explored in marine bacteria [18];
moreover, some fungi seem to possess a bifunctional enzyme
(CrtS) [19]. Thus, we looked for the known enzymes of these



three groups from bacteria, fungi, and crustaceans and found
that putative CrtZ and CrtS proteins were found in all
transcriptomes, while CrtW proteins are much less widespread
and diverse. It is important to note that the analysis included
transcriptome assemblies derived from whole animals, i.e.,
including all symbiotic microorganisms, which can serve as
the source of the identified enzymes (examples in Table 1).

Interestingly, no obvious difference between brightly
colored deep red species and white-colored ones was found
with this analysis. There are obviously other factors that
contribute to the color formation, such as the level and
composition of carotenoids, which can vary extensively
between Baikal amphipod species [20], and carotenoid-biding
proteins, which can form complexes of various colors [17].

Conclusion

The analysis of amphipod transcriptomes helped us
discover many putative lectin and carotenoid metabolism
enzyme sequences, which can be used in further molecular-
level exploration in studies of amphipods of the Baikal region.
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