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Abstract
UniProt has recently standardized the annotation of biologically relevant small molecule ligands –
essential for protein structure and function – using the chemical ontology ChEBI, allowing UniProt users
to retrieve small molecule ligands that match a given chemical structure, or that are members of a given
chemical class (as defined by the ChEBI ontology), via the UniProt website and APIs (www.uniprot.org).
In this work we use SPARQL to further extend the chemical structure search capabilities of UniProt by
federation of UniProt to the IDSM Sachem SPARQL endpoint, which supports chemical similarity and
substructure searches. Protein structures – experimentally determined and predicted using AI methods –
lack biologically relevant ligands. This work provides a simple means to identify them for the purposes
of protein structure annotation and modeling.
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1. Introduction

Experimentally determined protein structures found in PDB[1] often contain ligands that were
artificially modified to enable crystallization. Accurate protein structure determination and
modeling therefore requires that these artificial ligands are replaced by their biologically relevant
(cognate) equivalents.

UniProt [2] announced that in release 2022_03 it significantly improved the annotation of
cognate ligands [3], replacing thousands of existing textual descriptions of ligands with their
equivalents from the ChEBI ontology [4]. These annotations are now available as part of the
core UniProt dataset on its public SPARQL endpoint at https://sparql.uniprot.org/. Sachem is
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a set of tools that support chemical substructure and similarity searches on a large corpora
of known chemical compounds imported from PubChem, ChEMBL and ChEBI [5]. Sachem
exposes these capabilities as a W3C standard SPARQL 1.1 endpoint[6].

We show with an example how the annotations in UniProtKB and Sachem data can be
combined via federated SPARQL queries in order to find potential cognate ligands for AMP-PCP
(PDB ligand code ACP), an ATP analog commonly used in crystallography. The ChEBI identifiers
of all chemicals similar to AMP-PCP above a given similarity score (e.g. 0.8) are obtained by
querying Sachem with the SMILES representation of the artificial ligand (SMILES, or Simplified
Molecular-Input Line-Entry System, is a line notation for describing the structure of chemical
species). The list of ChEBI identifiers, bound to the variable ?𝑙𝑖𝑔𝑎𝑛𝑑, is then reduced through
the additional constraint that the variable must also correspond to a cognate ligand annotated
in UniProtKB.

2. Query

PREFIX up : < h t t p : / / p u r l . u n i p r o t . org / c o r e / >
PREFIX sachem : < h t t p : / / b i o i n f o . uochb . c a s . cz / r d f / v1 . 0 / sachem # >
PREFIX r d f s : < h t t p : / /www. w3 . org / 2 0 0 0 / 0 1 / rd f −schema # >
SELECT DISTINCT

? l i g a n d S i m i l a r i t y S c o r e
? l i g a n d

WHERE {
SERVICE < h t t p s : / / idsm . e l i x i r − czech . cz / s p a r q l / e n d p o i n t / cheb i >

{
[ sachem : compound ? l i g a n d ;

sachem : s c o r e ? l i g a n d S i m i l a r i t y S c o r e ]
sachem : s i m i l a r i t y S e a r c h [

sachem : query " c1nc ( c2c ( n1 ) n ( cn2 ) [C@H] 3 [C@@H] ( [C@@H] ( [
C@H] ( O3 )CO[P@@] ( =O) (O)O[P@] ( =O) ( CP(=O) (O)O)O)O)O)N" ;
# I s om e r i c SMILES o f AMP−PCP

sachem : c u t o f f " 8e −1 " ^^ xsd : doub le ;
sachem : s i m i l a r i t y R a d i u s 1 ]

}

? u n i p r o t up : a n n o t a t i o n ? a n n o t a t i o n .
? a n n o t a t i o n a up : B i n d i n g _ S i t e _ A n n o t a t i o n ;

up : l i g a n d / r d f s : s u b C l a s s O f ? l i g a n d .
}
ORDER BY DESC ( ? l i g a n d S i m i l a r i t y S c o r e )

Find cognate ligands similar to the artificial ligand AMP-PCP (PDB ACP) using Sachem and
UniProtKB.

https://www.rcsb.org/ligand/ACP
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