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Abstract

How many human proteins bind Mg ions? We addressed this question computationally with our BAR-PLUS (BAR+), a non hierarchical clustering method that relies on the pair wise sequence
comparison of about 14 millions proteins from over 300.000 species, of whom 998 are complete proteomes and include Homo sapiens. All the sequences cluster in over 900.000 clusters with the
constraints that their sequences identity is 240% on 290% of the alignment length. From this they can inherit from the cluster in a validated manner functional and structural annotation (PDB +/ SCOP
+/ Pfam +/ Goterms +/ Ligands). With our procedure we find that 2402 human proteins bind Mg ions in 88 clusters and another 1140 in 161 clusters bind cofactors through Mg ions. Some 30% of all the
sequences are annotated for the first time as endowed with putative Mg binding sites. A cell localisation of the 3542 Mg binding proteins (the human Magnesome) is developed considering that the
most populated Cell Components are: Intracellular part, Endomembrane system, Cell periphery, Protein complex. In turn the most populated Biological Processes are: Cellular metabolic
process, Primary metabolic process, Multicellular organismal development, Macromolecule metabolic process, Nitrogen compound metabolic process, Small molecule metabolic process, Anatomical
structure development, Cell cycle, Cell death. The most populated Molecular Functions are: Hydrolase activity, Tranferase activity, Nucleotide binding, lon Binding, Protein binding, Oxideraductase
activity, Signal transducer activity, Isomerase activity. We also characterise typical Mg binding signatures useful in annotating Mg binding sites from protein sequences.
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The human sequences whose structure in PDB has at least one Mg ion as “ligand” are only Below we list the cellular localization (Cellular Component of Gene Ontology) of the human
337 (“Mg binding protein (PDB)”). With BAR+ we increase this number up to 5073. This occurs sequences of the four groups. (the “human magnesome”) For each GO term the number of
either by direct transfer of annotation from human Mg binding proteins (3542, “Inherited from human sequences (direct plus inherited) falling in a cluster with the corresponding validated
human proteins”) or when human sequences fall into clusters where there are Mg binding annotation is reported. The selected terms are those that are the most distant from the
proteins from other organism (1531, “Inherited from other organisms”). ontology root. This is the most specific annotation of the cellular localization obtained with

BAR+. Similarly GO terms of biological process and molecular function can be obtained.
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When more PDB structure fall into the same cluster their RMSDs (Root Mean Square 5 N ol matrix c coluble fraction
Deviations) is very low (<2 A ) for all groups. This indicates that BAR+ clusters preserve the . nuclear part 4 mitochondrial part
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column) when aligned conserve identical Mg binding residues (data not shown). This is so complex b
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same cluster. Therefore when a target sequence falls into a cluster characterised by Mg ligand 4 soluble fraction 3 protein kinase CK2 complex
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