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Main	  objec2ves	  of	  eNanoMapper	  
	  
	  
• 	  Modular	  infrastructure	  for	  data	  storage,	  sharing	  and	  searching,	  based	  on	  open	  standards	  and	  
seman7c	  web	  technologies,	  minimum	  informa7on	  standards	  and	  established	  security	  solu7ons;	  
• 	  Development	  of	  ontologies	  for	  the	  categorisa7on	  and	  characterisa7on	  of	  eNMs	  in	  collabora7on	  
with	  other	  projects	  
• 	  Crea7on	  of	  new	  computa7onal	  models	  in	  nanomaterials	  safety	  through	  the	  implementa7on	  of	  
interfaces	  for	  toxicity	  modelling	  and	  predic7on	  algorithms	  which	  may	  process	  all	  data	  made	  available	  
through	  eNanoMapper	  (e.g.	  using	  algorithms	  available	  from	  the	  OpenTox	  FP7	  project	  or	  sta7s7cal/
data	  mining	  soIware)	  
• 	  Meta	  analysis	  of	  nano-‐bio	  interac7ons	  suppor7ng	  “safe-‐by-‐design”	  ENMs	  development	  by	  
pursuing	  a	  Linked	  Data	  approach	  which	  integrates	  data	  and	  metadata	  origina7ng	  from	  diverse	  sources	  
within	  nanoscience,	  chemistry,	  biology	  and	  toxicology	  
• 	  Crea7on	  of	  tools	  for	  the	  exchange,	  quality	  assurance	  and	  repor7ng	  of	  research	  protocols	  and	  
data	  for	  regulatory	  purposes	  
• 	  Crea7on	  of	  a	  community	  framework	  for	  interdisciplinary	  collabora7on	  

More	  on	  Project	  Work	  summary	  at	  www.enanomapper.net/wp	  



More	  on	  Project	  Partners	  at	  www.enanomapper.net/partners	  



Interac2ons	  
	  
	  
• 	  We	  are	  here	  to	  meet	  you!	  
• 	  We	  are	  here	  to	  learn	  about	  your	  projects,	  needs	  and	  ini7a7ves!	  
• 	  Support	  of	  a	  community	  framework	  for	  interdisciplinary	  collabora7on	  
• 	  Par7cipa7on	  in	  Working	  Groups	  (WG	  Leaders:	  Egon	  Willighagen,	  Bengt	  Fadeel)	  	  
• 	  Interac7on	  with	  modelling	  Group	  Projects	  (Harmonisa7on,	  Data	  Standards	  and	  Infrastructure,	  
Suppor7ng	  Analysis,	  QSAR,	  Mechanis7c	  Modelling	  of	  Pathway	  Perturba7ons)	  
• 	  Interac7on	  with	  Future	  Nano	  Needs	  on	  Common	  Nomenclature	  
• 	  Interac7on	  with	  Marina	  on	  Templates	  
• 	  Interac7on	  with	  Nanosolu7ons	  on	  safety	  classifica7on	  	  
• 	  Interac7on	  with	  NANoREG	  –	  regulatory	  needs,	  crea7on	  of	  tools	  for	  the	  exchange,	  quality	  
assurance	  and	  repor7ng	  of	  research	  protocols	  and	  data	  for	  risk	  assessment	  purposes	  
• 	  	  Contribu7ons	  to	  workshop	  and	  training	  ac7vity	  (e.g.,	  Milan,	  Syracuse)	  
…..	  and	  more	  to	  define	  with	  you	  through	  our	  discussions.	  
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Interac2on	  
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Common	  Language	  
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Source:	  	  hUp://sheezaredhead.wordpress.com/2011/01/12/use-‐common-‐language-‐please/	  



Adverse	  Outcome	  Pathway	  (AOP):	  
Neurotoxicity	  induced	  by	  	  NMDA	  receptor	  over	  
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Linked Data is a term used to describe the exposing, sharing, and connecting 
of data on the Semantic Web using: 
URIs a generic means to identify entities in the world 
HTTP a simple yet universal mechanism for retrieving resources 
RDF a generic graph-based data model with which to structure and link data 

Linked	  Data	  needs:	  
1.  Provision	  of	  a	  URI	  that	  describes	  a	  Data	  Resource	  
2.  Use	  of	  HTTP	  to	  retrieve	  useful	  data	  from	  the	  URI	  
3.  A	  Data	  Format	  described	  with	  standardised	  seman2cs	  (so	  

rela2onships	  are	  enabled)	  e.g.	  RDF	  
4.  Data	  should	  provide	  links	  to	  other	  Data	  (through	  URIs)	  

DBpedia	  =	  Linked	  Data	  
approach	  applied	  to	  Wikipedia	  

Linked	  Data	  approach	  can	  also	  be	  applied	  to	  other	  
resource	  types	  e.g.,	  for	  algorithms	  or	  models	  as	  
done	  in	  OpenTox…	  	  Linked	  Resource	  approach	  
enables	  Knowledge	  Crea7on,	  Combina7on	  and	  
Analysis	  

A	  Seman7c	  Web	  for	  Safety	  Assessment	  

www.opentox.org	  



	  	  Feature	  	  	  	  	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

	  	  Compound	  	  	  	  	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

	  	  Dataset	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

	  	  Ontology	  	  	  	  	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

	  	  Algorithm	  

	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

	  	  Model	  	  	  	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

	  	  AppDomain	  	  	  	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

	  	  Valida7on	  	  	  	  	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

	  	  Report	  	  	  	  	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

Inves7ga7on	  
(Study,	  Assay)	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

<-New API addition from ToxBank 

Authorisa7on	  &	  
Authen7ca7on	  	  	  	  	  
	  	  	  GET	  
	  	  	  POST	  	  
	  	  	  PUT	  
	  	  	  DELETE	  

Open	  Standards	  and	  Open	  Source	  Components	  

www.opentox.org/dev/apis	  



Bioclipse	  –	  OpenTox	  Interac7ve	  Analysis	  

O. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer. Integrated decision 
support for assessing chemical liabilities. J Chem Inf Model. 2011 Aug 22;51(8):1840-7. 



Requirements	  Analysis	  

Contextual	  Design	  methodology….	  
 
1. Interview	  
2. Interpretation	  
3. Consolidation	  
4. System design	  
5. Paper prototyping 
 
….provides	  several	  opportuni2es	  to	  collaborate	  
in	  specifying	  solu2ons	  for	  the	  Nano	  Safety	  cluster	  
 
8	  June	  2014	  











Storyboarding 



Paper	  Prototyping	  
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Collabora2on	  
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ToxBank	  Infrastructure	  System	  Vision	  

Warehouse 

Gold  
Compounds 
Database 

Biobank 

Users access compounds, biological materials, data and models for 
experimental planning and integrated analysis of experimental results 

Data	   Models	  

SOPs 
Compounds 

SOPs 
Biological 
Materials 

Data	   Models	  

RES	  

www.toxbank.net 



Investigator 

Phase 2: Integrated data analysis 

Phase 1: Unified data access 
Outline of the ToxBank Data Warehouse 



Use	  of	  SEURAT-‐configured	  ISAcreator	  to	  prepare	  datasets	  

Templates are used to describe different 
experiments in a standardised way 

SEURAT-1 information 

Investigation information 

Publications 



Use	  of	  SEURAT-‐configured	  ISAcreator	  to	  prepare	  datasets	  

SEURAT-1 information 

Investigation information 

Publications 

Templates for different assays 

Specify experimental factors 

Materials and results, 
with links to files 
containing the raw or 
processed data 

Each step linked to a 
SEURAT-1 protocol 

Terms mapped to 
ontologies 



Use	  of	  SEURAT-‐configured	  ISAcreator	  to	  prepare	  datasets	  

Mapped to terms in 
ontologies 



Define	  Ontology	  source	  

26	  



ISATab	  archives	  are	  created	  for	  each	  inves7ga7on	  

Test results (a… files) 
with links to data 
table or native file 
(e.g. CEL files) 

Overall investigation 
design and 

information (i… files) 

Study 
description 
(s… files) 



New	  data	  may	  be	  combined	  with	  reviewed	  community	  data	  on	  
reference	  compounds	  	  

wiki.toxbank.net 



ToxBank	  Wiki	  Reference	  Informa2on	  Resource	  

wiki.toxbank.net 



Data	  Warehouse	  Search	  Demo	  and	  Tutorial	  

Play	  Tutorial	  at	  www.youtube.com/watch?v=mE54EnY8uB4	  



ToxBank integrates systems biology concepts into toxicological assessment 
 

Pekka Kohonen,[a] Emilio Benfenati,[b] David Bower,[c] Rebecca Ceder,[a] Michael Crump,[c] Kevin Cross,[c] Roland C. Grafstrçm,[a] Lyn Healy,[d] Christoph Helma,[e] 

Nina Jeliazkova,[f] Vedrin Jeliazkov,[f] Silvia Maggioni,[b] Scott Miller,[c] Glenn Myatt,[c] Michael Rautenberg,[e] Glyn Stacey,[d] Egon Willighagen,[a] Jeff Wiseman,[g] 

and Barry Hardy*[h];  [a]Karolinska Institutet, Institute for Environmental Medicine, Molecular Toxicology,Stockholm, Sweden; [b], Istituto di Ricerche Farmacologiche Mario Negri, Milan, Italy; 
[c] Leadscope, Columbus, USA; [d] National Institute for Biological Standards and Control, Potters Bar, UK; [e]In silico toxicology, Basel, Switzerland; [f]Ideaconsult, Sofia, Bulgaria; 
[g]Pharmatrope,Wayne, USA; [h]Douglas Connect, Zeiningen, Switzerland.  

Figure 1. Multiple tools will be, step by step, implemented into an 
innovative toxicity testing  strategy based on mode-of-action. 

Figure 2. Clustering of ToxBank Gold Compounds by biological similarity using 
chemical-genome links from Comparative Toxicogenomics Database (CTD). 
Compounds with similar Mode-of-Action cluster together. 

Systems toxicology - principles 
Understanding the toxicological interactions in biological  
systems under compound challenges 
 

Based on developments in high-throughput biology  
! ‘Omics  profiling: gene expression, proteins, metabolites and others 
! cell-based screening: High-Throughput and High-Content analyses  

Risk assessment carried out primarily using 
! in vitro 
! In silico methods 

Conclusions - great potential to contribute to 	  
! toxicity evaluation based on Mode-of-Action 
! decreased need for animal experiments 

ToxBank builds databases and data management solutions to aid in 
systems toxicology-based risk assessment 

Clustering	  by	  Gene                       Clustering	  by	  Gene	  Ontology	  

BA 

Figure 3. A) Enriched gene ontology (GO) categories of genes associated with 
the oxidizing agent mode-of-action (MOA) B) Protein-protein association network 
around the  Asah1 protein  Associated with phospholipid binding MOA.  

Kohonen P. et al. The ToxBank Data Warehouse: Supporting the Replacement of In Vivo 
Repeated Dose Systemic Toxicity Testing. Molecular Informatics. 17 JAN 2013, DOI: 
10.1002/minf.201200114. 



Molecular function 

Binding 
19 genes 
adjP=6.61e-01 

Catalytic activity 
9 genes 
adjP=6.75e-01 

Electron carrier 
activity  
3 genes 
adjP=1.75e-02 

Transporter 
activity 

Nucleoside binding 
3 genes 
adjP=6.75e-01 

Nucleotide 
binding 

Protein binding 
12 genes 
adjP=6.75e-01 

Oxidoreductase 
activity 
5 genes 
adjP=1.75e-02 

Transmembrane 
transporter activity 
3 genes 
adjP=6.61e-01 

Phospholipid	  Binding	  

Oxida7ve	  Agent	  

Clustering	  by	  
Gene	  Ontology	  
associa7ons	  
from	  CTD*	  

*CTD = Comparative  
 Toxicogenomics 
Database 
 (www.ctd.org) 

Kohonen	  P.	  et	  al.	  The	  ToxBank	  Data	  Warehouse:	  Suppor7ng	  the	  
Replacement	  of	  In	  Vivo	  Repeated	  Dose	  Systemic	  Toxicity	  
Tes7ng.	  Mol.	  Inf.17	  JAN	  2013.	  

Public	  Data	  
Analysis	  



onlinelibrary.wiley.com/doi/10.1002/minf.201200114/full 



SEURAT-‐1	  -‐	  Tox21	  Collabora2on	  	  



ToxBank	  –	  Integrated	  Data	  Analysis	  

Integrate	  experimental	  
data	  across	  consor7a	   Integrate	  with	  public	  data	  

(clinical,	  Tox21,	  …)	  	  

DASHBOARD	  
Integrate/organize	  

Pathway	  integra7on	  across	  projects,	  omics	  
planorms,	  and	  experiments	  

Analysis	  and	  visualiza7on	  

Links	  to	  other	  resources	  

Protocols	   Inves7ga7on	  data	  



36	  

Pathway	  
enrichment*	  

*InCroMAP	  soIware	  (hpp://www.ra.cs.uni-‐
tuebingen.de/soIware/InCroMAP)	  

Differen7al	  Expression	  
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