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The importance of adhesion protein sialylation was recognized by studying the changes of adhesion behavior of
human tissue cells exposed in vitro to microgravity. Proteins involved in cell-cell or cell-extracellular matrix
adhesion were investigated by retrieving and evaluation of information about sialylation of cell adhesion molecules
detected by omics studies on cells, which change their adhesion behavior when exposed to microgravity. Using a
knowledge graph created from experimental omics data and semantic searches across several reference
databases, sialylation of adhesion proteins glycosylated at their extracellular domains and their impact in cellular
processes were studied. This way, experimental omics data networked with the current knowledge about binding of
sialic acids to cell adhesion proteins, its regulation and interactions in-between those proteins provided insights in
the mechanisms behind experimental findings suggesting that balancing sialylation against de-sialylation of the
terminal ends of the adhesion proteins’ glycans influences the binding activity of adhesion proteins, the interaction
of cells and their aggregation. This shed light on the transition from the cells’ growth in a monolayer to spheroid

formation observed in microgravity mirroring cell migration and cancer metastasis in vivo.
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| 1. Abstract

The importance of adhesion protein sialylation was recognized by studying the changes of adhesion behavior of
human tissue cells exposed in vitro to microgravity. Proteins involved in cell-cell or cell-extracellular matrix
adhesion were investigated by retrieving and evaluation of information about sialylation of cell adhesion molecules
detected by omics studies on cells, which change their adhesion behavior when exposed to microgravity. Using a
knowledge graph created from experimental omics data and semantic searches across several reference
databases, sialylation of adhesion proteins glycosylated at their extracellular domains and their impact in cellular
processes were studied. This way, experimental omics data networked with the current knowledge about binding of
sialic acids to cell adhesion proteins, its regulation and interactions in-between those proteins provided insights in
the mechanisms behind experimental findings suggesting that balancing sialylation against de-sialylation of the
terminal ends of the adhesion proteins’ glycans influences the binding activity of adhesion proteins, the interaction
of cells and their aggregation. This shed light on the transition from the cells’ growth in a monolayer to spheroid

formation observed in microgravity mirroring cell migration and cancer metastasis in vivo.

| 2. Introduction
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Posttranslational modifications (PTM) of various proteins influence the adhesion behavior of tissue cells exposed to
microgravity [l. In some types of PTM, carbohydrates are bound to reactive oxygens (O-glycan) or nitrogens (N-
glycan) of a protein’s amino acid side chains 2. In many cases a monosaccharide coupled to an amino acid is
extended towards the environment of a cell by a number of additional sugar monomers forming a chain, which may
be branched or linear Bl. Very often the biological effect of a protein-bound carbohydrate system is exerted by
carbohydrate monomers located at the terminal end of a glycan system consisting of tens or even hundreds of
carbohydrate monomers. This is true regarding antigenicity of soluble or cell bound proteins as well as in regard to
negative surface charges located at a cell surface and influencing the environment Bll4l. Both traits are often

formed by sialic acids (SAs) that are located at the most distant end of a carbohydrate system bound to a protein
5],

SA molecules bound to proteins generate negative charges 8, affect the half-life of many circulating glycoproteins
and influence also the cell-cell communication, cell matrix interaction and cell adhesion 4. As microgravity has
effects on cell adhesion B8 it was of interest to see whether microgravity influences sialylation of human cells

affecting their adhesion behavior.

Therefore, human adhesion proteins were selected, which attracted attention, because they seemed to play a role
when cancer or endothelial cells change their behavior during exposure to microgravity BRI Using the
Knowledge Explorer (KE) 1112 the experimental data were enriched with knowledge from several fact and
reference databases. A knowledge base created this way was assessed in detail to evaluate the importance of the
experimental findings in context. This revealed that sialylation of adhesion proteins influences the adhesion cells’

behavior.

| 3. Results

Of thousands of proteins or genes [BIBIAI3] found by mass spectrometry or microarray gene analyses of cancer
cells and endothelial cells, which had been cultured for a few days on ground, in Space or on devices simulating
microgravity, 17 representatives of integrins, cadherins, and other cell adhesion molecules were selected and
analyzed with the aim to get information about the function of SAs bound to the tips of the glycans they bear (for
details, see 14)). In a first step, names and related analysis results of the selected proteins were imported in KE via
their UniProt accession numbers into an initial resource description framework (RDF) to create a knowledge base
(KB) through a combination of semantic protocol and RDF query language (SPARQL) searches across several
databases (Figure 1). Using this KB for selectively retrieving references revealed more than 200 publications about

sialylation of these proteins.
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Figure 1. Annotated experimental OMICs network in KE, enriched with linked-open data resources: The
Knowledge graph shows adhesion proteins together with their genes, sequences, post-translational modifications,
interactions, functions and sialylation-related annotations. (The text within the picture becomes legible after

magnification.
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The information included in the 200 publications found indicated that the extracellular domains of various integrin
dimers, of cadherins, of cell adhesion molecules like ICAM, NCAM, PeCAM and of CD44 occur on cells in a
sialylated and a de-sialylated form. The different forms have influence on the cells’ adhesion and migration
behavior in vivo and in vitro. They are determined by the activity of sialyltransferases, which catalyze binding of a
SA moiety to the tip of an existing glycans and by the activity of neuraminidases, which cut SA moieties off the tip
of sialylated glycans. Hence, the status of sialylation of adhesion proteins depends on the interplay of active
sialyltransferases and neuraminidases. Iterative network queries on interaction (Figure 2) attributed to confirm that
this interplay can be affected by transient quantities of sialyltransferases and neuraminidaseases, respectively as
well as by the presence of scaffold proteins like caveoline 1. Under microgravity the expression of the
sialyltransferase ST6GAL1 and the accumulation of caveoline 1 are changed [EIRI13] |n addition, sialyltransferases

and neuraminidases not only sialylate or desialylate target glycans, they have also influence on the expression of

the proteins bearing the SAs 4],

Figure 2: SPARQL query in KE across the knowledge graph for interactions on sialylated adhesion proteins.

| 4. Conclusion
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Taking all the information provided in 24! together it was concluded that microgravity influences sialylation
dependent activities of adhesion proteins on three levels: i) expression and accumulation of adhesion proteins, ii)
expression and accumulation of enzymes sialylating or de-sialylation glycan systems bound to adhesion proteins
and iii) expression, accumulation and localization of scaffold proteins supporting the activity of the enzymes. The
gained knowledge suggests that the process of linking cells to each other or to the ECM under microgravity

includes sialylation of extracellular domains of adhesion proteins.

The conclusion was achieved using an omics network approach to gain advantage from combining the results of
different experiments with each other and with the knowledge described in literature while focusing on those parts
of data, which are related to the topic of cell adhesion. Data experimentally obtained about the accumulation of
adhesion proteins in three different types of cells by mass spectrometry BIEII20 and by microarray studies on
mRNA expression 13! were incorporated in a common network with current knowledge about sialylation L1112l This
semantic network generation was made possible with the help of KE, an advanced information retrieval tool to
generate and interrogate complex knowledge graphs.
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