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Abstract

3D-e-Chem VM is freely available Virtual Machine (VM) encompassing tools,
databases & workflows, including new resources? developed for ligand
binding site comparisons and GPCR research. The VM contains a fully
functional cheminformatics infrastructure consisting of a chemistry enabled
relational database system (PostgreSQL3 + RDKit*) with a data analytics
workflow tool (KNIME®) and additional cheminformatics capabilities. Tools,
workflows and reference data sets are made available. The wide range of
cheminformatics functionalities are provided in the downloadable 3D-e-Chem
VM allowing immediate use in research and education.
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Snapshot of 3D e-Chem Virtual Machine

Functionality demonstrates KNIME in the field of macromolecular structure
chem- and bio-informatics — more than ‘just’ small molecule cheminf

* Tools exploit, integrate chem- & bio-informatics knowledge of G Protein-

Coupled Receptors, important targets of current & new drugs

New freely available KNIME nodes: automated, customizable integration of
heterogeneous GPCR-ligand interaction data, covering experimental
bioactivity, protein-ligand structure and nodes to utilize KRIPO® sub-pocket
similarity fingerprints

GPCRdb nodes:

GPCRDB Protein Families: Connection to GPCRDB’, and extraction of
protein family information

GPCRDB Protein Information: Retrieval of e.g. source, species, sequence
data from Uniprot identifiers or protein family slug ID

GPCRDB Protein Residues: Retrieval of residue & numbering -generic
numbering and/or alternate numbering schemes

GPCRDB Structures of a Protein: Retrieval of GPCR structures (names,
literature references, pdb code and ligands

File Edit View Node Help

v £ LOCAL (Local Workspace)
v[13D-e-Chem-Examples This example fetches the residues and structures from all human swissprot rhodopsin proteins. | . If: "”_3;1ctlve

100% v ﬂ 8 oo ﬂgb ) = ?:‘\ 8 E?o .ﬁ - & %

44 KNIME Explorer &3 = @ Wi L *0: GPCRDB Example 23 A 2: KripoDE A3M fiedTanin Distan dopNo.. R = B

Example for GPCRDB nodes Interactive Table

! ! J L |
4% GPCRDB Example Filtered table - 0:11 - Column Filter

Data is fetched from hitpZ/gpcrdb.org website which can be slow at times.

i KripoDB Eile
o GPCRDBE Protein Table “default” - Rows: 214 | Spec - Columns: 12 | Properties | Flow Variable
e ! =amn? residues JSON to Table] Row ID $ Protein } Se..|8 A...|8S Pr..| 8§ Generi../|8§ BS | 8§ GPCRd... §
U... (adrb2 human |105 W [TM3 3.24x24 l:-01  |3.24x24 31.
A 2 = » 1l » » c‘,-i > U... (adrb2 human [106 C TM3 3.25%25 11:01 3.25x25 31!
y, 2
® Favorite Nodes & = U.. [adrb2_human (107 |E__ [TM3 |3.26x26 _ |I:02  |3.26x26 |31
U... |adrb2 human |108 |F [TM3 |3.27x27 |03 [3.27x27 1
Fetch residues Flatten u... |adrb2 human {109 W [TM3 _ |3.28x28 1:04 [3.28x28  [31!
@ Personal Favorite nodes GPCRDB Protein GPCRDB Protein alternative numb{ Il 2 u... |adrb2_human [110 [T TM3  [3.29x29  [I:05 [3.29x29 |31
- families Row Filter information Row Filter  Row Filter U... jadrb2 human f111 IS TM3__ 13,3030 _ [I:06 _13.30630 132
u... jadrb2 _human (112 |l [TM3 3.31x31 |I:07 3.31x31 2
£ Node Repository =" m] 1M » > 2 » M » > 2 > U |adrb2_human [113 D [TM3  [3.32x32  |I:08  |3:32%32 2
Wiiadrb2 human 114 |V [TM3 3333 |:09  [3:33%33
interact U... |adrb2_human [115 |L TM3  [3.34x34 _ [I:10  [3.34x34  [32.
Fetch families Only b2 adrenoceptor Fetch proteins  Only Swissprot Only human u... |[adrb2 human |116 |C [TM3 3.35x35 k11 [3.35x35 |32
gisNadrb2 human (117 |V [TM3 36x36  [I:l12  [SISEX36NNN 32/
V." Manipulation GPCRDB Structures L] adrb2_human 112:'} L lTM_- _:’>E,— :13 3.?7)(:-37 132
of a protein JSON to Table u... |adrb2_human 119 B [TM3 3.38x38 :14  [3.38x38 32
v | Column i u... ladrb2 human (120 S TM3 39x39  [I:15  [3.39x39 (32!
g'ﬂlnteractive HiLite Collector > 'm > > é_;’_ > U... _adrb2_human 121 |l [TM3 40%40 I1:16 40x40 33
Q Vi U... |adrb2 human |122 E TM3 1x41 W:17 .41x41
v iews e — -
%Hlstogram (interactive) Fetch structures Flatten ligands
* Pie chart (interactive)
v % Community Nodes
v &% KNIME Image Processing
v % Labeling
|x Interactive Annotator =
o= Outline 2 = B B console R x &f ™ O n=ain

| interactive Labeling Editor

v &% Views = KNIME Console

Simple workflow to connect to GPCRDB and extract information on residues & ligands

The 3D-e-Chem VM is available in Atlas® the Vagrant® box catalog of
HashiCorp. Ansible3¢, a configuration management engine uses SSH to
provision the VM via playbooks: The following software and enhancements
are installed:

LXDE, a lightweight desktop environment with graphical user interface
exposing a command line prompt, database and website

Knime + extensions + plugins, RDKit, Indigo?, Erlwood®, OpenPhacts?!
R2 Python?3 configured for Knime + CAMB®4, as R package

-pocket!>, protein cavity detection program + PyMol'®

Github wiki & copy in VM including guide to create local ChEMBL
Virtualbox guest additions — ease of use & file shares.

Upgrade script, VM can be upgraded by re-download or upgrade script.

Chemdb4VS Workflow

Chemdb4VS: Extraction of GPCR ligand datasets from CHEMBLdb, design of
focused decoy sets with similar physical-chemical properties, and preparation of

their three-dimensional molecular structures for virtual screening studies.
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Provides a quick, customizable method to assemble experimentally supported
ligand data sets for validation of VS methods:

e Selection of the target of interest

* GPCRDB nodes access GPCR target lists & identifiers, download
ortholog data and retrieve Uniprot identifiers
Fetching and processing bioactivity data from the ChEMBL database
e ChEMBLdb Connector Input node followed by Row Filter nodes for
log & non-log activity types. User definable bioactivity cutoff
Preparation of the ligand data sets
 SMILES downloaded, filtered for unusual elements, druglikeness,
number. Representative actives selected by RDKit Diversity Picker,
ligand protonation & RDKIT 3D geometry optimization.
Evaluation of the virtual screening efficiency after import
* VS campaign results i using the ligand sets imported to KNIME and
ROC curves plotted using the JavaScript ROC Curve node.

KRIPO nodes:

Customised Python script, Bit Vector Distance and Database Connector nodes:

 An SQLite DB contains an all-v-all comparison of Kripo fingerprint similarity
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(using a modified Tanimoto distance metric) of pdb ligands/ligand fragments.

KRIPO similarity uses 3-point pharmacophores derived from fragment binding
site environments —bioisosteres via protein-ligand binding site similarity
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KRIPO Workflow (data subset) to extract potential bioisosteres of a thiazole fragment
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