How to store nanomaterial safety data : meet eNanoMapper database
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 Develop an ontology and database
unifying information about nanomaterial

* Cover the full lifecycle from manufacturing
to environmental decay or accumulation

* Pan-European project, 8 partners
* Ontology growth through community and
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* Diverse requirements, posed by the
nanotechnology community;

e Data representation and integration challenges
mainly due to data complexity and provenance.

 Based on OpenTox API

* Open Source implementations
* Bridging with data analysis tools
* Wide range of exchange data
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* Physicochemical identity

Different analytic techniques, manufacturing conditions, batch effects, mixtures, impurities, size distribution,

differences in the amount of surface modification, etc.

* Biological identity
Wide variety of measurements, toxicity pathways, effects of ENM coronas, modes-of-action, interactions (cell

lines, assays).

e Data formats, Provenance, Visualisation

From raw data to study summaries for regulatory purposes; linking with experimental protocols; user friendly

visualisation.

e Support for data analysis

Requires “spreadsheet” or matrix view of data. The experimental data in the public datasets is usually not in a
form appropriate for modelling. Standardisation in these sources is specific to each database. Even in curated
collections the preparation of data for modelling is not a straightforward exercise (e.g. the experimental values

can be merged in many different ways into a matrix, depending on which experimental protocols and

conditions are considered similar; also there could be multiple values due to replicates or similar experiments)
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Chemical structures, substances, nanomaterials

Substance definition:

 NanoParticle Ontology (NPO): a Nanomaterial (NPO _199) is an
equivalent class to chemical substance (NPO 1973) one of (nano-
object, nanoparticle, engineered nanomaterial, nanostructured
material, nanoparticle formulation). The chemical substance itself is a
subclass of a chemical entity (NPO_1972).

 DOI:10.1007/s11051-013-1455-2, . J. Nanoparticle Res. 2013, 15 :
Compares the definition of the terms “substance” and “material” are
in 1ISO, REACH and general science definitions of the terms. The paper
notes the OECD HT definition of “reference substances” is very
similar to the definition of the term “reference materia

e REACH Guidance: “Chemical substance, a material with a definite
chemical composition”. The definition of a substance encompasses all
forms of substances and materials on the market, including
nanomaterials; and may have complex composition.
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* NanoParticle Ontology (NPO): distinguishes between endpoint of
measurement and assay used to measure the endpoint, where the
details of the assay could be specified

 DOI:10.1007/s11051-013-1455-2, . J. Nanoparticle Res. 2013, 15 :
“test” and “measurement” terms

 CoDATA Universal Description System : requires specification of how
particular property is measured

* ISA-Tab-Nano: allows defining the qualities measured and detailed
protocol conditions and instruments

 BioAssay Ontology (BAO) : Experimental data is organized in

. A measure group can be annotated with an
endpoint, screened entity (e.g. ENM), assay method and participants.
A bioassay may contain multiple measurement groups.

 OECD Harmonized Templates: > 100 endpoint specific XML schema

“'measure groups"

Measurements

Supported import formats

OECD Harmonized Templates,
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NanoWiki RDF (KI, MU)

 Custom spreadsheets

(NanoSafety cluster)
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+ ISA-Tab  isatab™"
~* ISA-Tab-Nano
(under development)
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Welcome to eNanoMapper prototype database

A substance database to support safe-by-design enginesrad nano materials

Simple search

Enter ehemical name, identifiers, SMILES, InChil

[Au]

Advanced: Structure search | Search nanomaterials by identifiers | Search nanomaterials by endpoint data

www.enanomapper.net

File upload (web form)
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C' | B https://apps.ideaconsult.net/enanomapper/ui/uploadsubstancel

Search

Manomaterials =

OpenTox *

Demo ™

Help =

A  Substances Import  Single file upload

Import new substance(s)

File (.i5z or .i5d or xIsx) @ *

JSON map for XLSX file @

Clear existing study
records

Import only high quality study records

Choose File | Mo file chosen

| Pttt B
Choose File | No file chosen

#  Clear existing composition |+

records

Submit

4  (uncheck to import all records)

hitp://enanomapper.qithub.io/API/

substance : Chemical Subs

ﬂ fsubstance
m /substance
m fsubstancef{uuid}

Substance API

tances sen

ﬂ fsubstancefuuidycomposition
ﬂ fsubstance/{uuidi/structures

-5Er fsubstance/fuuidy/study

fsubstance/fuuidy/studysummary
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eNanoMapper Data Model
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Templates |Sa
e |ISA-Tab/ISA-Tab-Nano

Nanomaterials
— Core e Commonalities:
— C.oatlng(s) — Materials sample
— Linkage

"y — Protocols, protocol
— Impurities

: arameters
— Components, internal P

structure, etc.
Typical assay description

— Property — value (range of
values) — units (Excel
templates)

More complex description:
— Experimental graph

— Experimental conditions

— Readouts
* Measurements,
* Measurement groups,
e Raw data, derived data
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eNanoMapper Data Model

oper prototype database http://data.enanomapper.net

Physicochemical and toxicity data

Search API

-@M Search v Nanomaterials ~ OpenTox v Demo ~ Help +

compound : Chemical structures search ShowrHide | List Operations = Expand Operations | Raw

f  Substance  NWKI-9f37da26-8619-3eb1-9c29-e5f9eal9desd & Study

=

/query/compound/{term}/{representation}

/query/similarity

Exact compound searc

=

Similarity searc

Filter...
Micron

4.5 Particle size distribution (Granulometry) (2)

Test
Distrib Passacg . s Method
Matefiz Endpoint Value Reference Guideline
type num. type
Form
PARTICLE SIZE = 221 DOI DLS DLS
PARTICLE SIZE = 221 DOI

Showing 2 studv(s) (1 to 2}

Owner

' IUC Substance | Composition I P-Chem (4) Tox (5)

/query/smarts
substance : Substance search
/query/substance/facet

/query/substance/reference

Substructure search

ions = Expand Operations = Raw

Search substances by study owner

1UC Substance | Composition | P-Chem (4). | Tox (5) |0
Micron
8.100 cell viability Assay (5)
Reference Cell line Doses/concentrations Endpoint Result Result (text) Guidelii Owner
2011 HaCaT = 100 mg/L Percentage Viable Cells = 95 Chemosph
[ htp://dx.doi.org/10.1016/j.chemosphere.2011.04.067 |
2011 HaCaT = 300 mg/L Percentage Viable Cells = 98 Chemosph
2011 HaCaT = 1000 mag/L Percentage Viable Cells =92 Chemosph
2011 HaCaT = 10 mg/L Percentage Viable Cells = 101 Chemosph
2011 HaCaT = 7000 mg/L Percentage Viable Cells = 74.3 Chemosph
Showing 5 study(s) (1 to 5)
« = C https://apps.ideaconsult.net/enanomapper/bundle?page=0&pagesize=10 Qiyl w8 =
ENM . in *
-@w Search v Nanomaterials * CpenTox Demo Help Login
# Dataset of substances and studies
Showing 3 substance datasets (1 to 3)
-
¥ Title ~ | Download
*5 & Substance dataset#3
Protein Corona Fingerprinting Predicts the Cellular Interaction of Gold and Silver Manoparti
Metadata Structures | Substances | Substances and studies | Properties list | Summary | <
Source | rights
*5 4 Substance dataset#? @E
OECD Harmonized Templates import test |
Metadata Structures | Substances | Substances and studies | Properties list | Summary | Working
Source | rights
*5 # Substance dataset#1 @ -
ManoWiki
Metadata Structures | Substances | Substances and studies | Properties list | Summary | Worki
rights

i
fquery/substance/related

/query/substance/study/experiment/{term} Search substances

Search substances by related structures
by protocol application parameters

UuID Search substances by study owner

/query/substance/study/owner/{term}

bstances by study protocol parameters

/query/substance/study/protocol/{term} Search su

MWKI-2433959f-8955-48b0-...
® /query/study

Search endpoint summary

NWEKI-bc3b5b48-5780-401e-...

ENM Components

-@QEM Search v Nanomaterials ~ OpenTox Demo v Help ~

# | Search substances by identifiers

Showing from 1 to 5 in pages of | 10 ¥ |substances o Previous Next j»

Filter...
Substance UUID Substance Type Public Reference Owne Info
Name name substance UUID
-1 G15.AC ECSV-bc77c03d-4... | nanoparticle G15.AC ECSV-50ccad21d... Classification = Anionic
= [} [}
Composition name:
Composition UUID: FCSV-bc 77c03d-4e75-3fab-bb3d-17b9836635819
Purity of IUC Substance:
pe ncentr; ‘oncentr; nges | | Structure
& [Au] ) ) Also o
Au
Coating & (2r}2-Aceta -5 ) ) ) Also co d
Propanoic in... o
Acid Pwkskimoespyis- o ~ "Y
pppppppp
o
N.Inchi=1s/C5hBno3s/C 1-3(7)6 s
4(2-10)5(8)8/H4,10n,2h2,1h3,
(H.8.7)(H.8,8)T4-/MDIS 1, (2r)-2-
Acetamido-3-Sulfanyl) noic
Acid,(2r}-2-Acetam
Mercapto -Propionic Acid J(2r)2-
Acetamido.
Mercaptopropanoic Acid,N-
Acety-L-Cys
Search
-2 G15.AHT FCSV-8f5cd32a-3... nanoparticle G15.AHT | FCSVW-50ccad21d... Classification = Caticnic
= B =]
Composition name:
Composition UUID: FCSV-8f5cd32a-3350-300b-91d0-87000ee5dTee
Purity of IUC Substance:
pe ncentr; ‘oncentr; nges | | Structure
£ [Au] (whw) ") ") Also co
Au
uuuuuu & B-As 3] {aw) a} a} Also co
PSS
N
Search
-3 G15.Ala-SH ECSV-9cc7dd73-d... | nanoparticle G15.Ala- | ECSV-50ccad21d. .. Classification = Anionic
] [} SH [}
O-a- G15.Asn-SH | FCSV-5b29295c-f... nanoparticle G15.Asn- | FCSV-50ccad21d... Classification = Anionic
] B SH =]
O -s5- G15.AUT FCSV-f3d54c07-7... nanoparticle G15.AUT | ECSV-50ccad21d... Classification = Caticnic
- ® ®

. Material \ /i core (structure, properties) : . .
Configurable Excel Parser for custom [ compositon 7 ————————— | |* Prepare the ENM characterisation and
spreadsheets ‘ ’ assay data using your own templates;
a N ——y ([(rmemn ) (e ) * The Excel parser enables converting the
NM/Substance M input templates into the eNanoMapper
Generic Excel ; Record #1 ' data model and upload into the DB;
Protocol Protocol
Parser \fh/Substance [ popieaton # ] [ povicaton # ] * Search and explore the eNanoMapper DB;
Record #2
) :
T P * Format convertors by exporting the data
[ Veasurement #1 ]\[Numercvalue/IntervaI/Unit, Text value, ] mOdeI intO diffe re nt formats (under dev)
ecora #n Link to raw data file
JSON :
N [ Vessurement #2 ] * Ontology annotation (under development)
S— —r Data access scenarios Mapping the Excel layout into the data model by JSON configuration
* By rows / by columns Each row represents a substance record "SUBSTANCE_RECORD" : {
_ . "COMPANY UUID": {
......................................... = " i = * Single sheet / multi sheet "DATA_ACCESS": { T “COLUMN_INDEX": "A"
"""""""""" o : : - "ITERATION": "ROW_SINGLE", s
.............................................. ..g.%z)i??!ﬁ&??ﬁ“.‘.s ..c.a;;}mEEE;LZ..‘LT:L:;::E..a::: gt S R (] Slngle flle / multl flle wSHEET INDEX": 1 - "PUBLIC_NA.ME": .[
e i S , , . _ _ ' - : "COLUMN_INDEX": "A"
= e e Static location definition / Dynamic location START_ROW": 13 The data. l.ocat'ons ,
T o "START_HEADER ROW": 1, are specified by the "OWNER_NAME": {
. "END HEADER RPW": 12, . . "ITERATION": "ABSOLUTE_LOCATION",
https://github.com/enanomapper/nmdataparser eatLow EmpTee tmue excel column indices “COLUMN_INDEX": "E",
* ROW_SINGLE "RECOGNITIGN": “BY_INDEX" ? , TORADEE 2
* Upload of ENM, physchem and assay data from s T et | S —— }s "SUBSTANCE_TYPE": {
Various Spreadsheet based Sources ﬁGlS.AHT [Au] AHT Cationic 0.49705 0.08013 3 | ::;;;:‘Alﬁfggi.Iliiom_UAL-li-:]Flli "
_ _ . * ROW_MULTI_DYNAMIC | A BN C | D | E N —e— - ¢ ranoparticae
* Unlve rsal approaCh (If pOSSIbIe) MNT56 4 Published Griffitt Robert Department of Coastal Sciences, University of South Missis: %E::tpnz:::ca CUFE Dmpt Surface o ExternaIIdE ::CEP"_;:ZZUCIatI I]I.;xTERMAL_IDEMTIFIERS": [
» Configuration by an external JSON file : cm g Smmummammesswn | (U Ao C o ¢
r. MTNS2 6 Published  |Zhao Chun-Mei :{ij\:;i'oghc;;;ife Science, The Hong Kong University of Scien 'ity’rpe_ﬂf_ sthod ICP-AES " m, W ||J
¢ COde reusablllty 1 Wang Wen-Xiong Division of Life Science, The Hong Kang University of Scien 6 dEtE_EEtEDESEFiPtiUn Perkin-Elmer E?;E:‘z;igﬁf% " RDI'I:’ SINGLE"
. .- - . . T renasne ZEndpui Element Abbrevia oll associatic Net cell ass Net cell ass 1, B
o Enca.psu.latlon/hldlng of the original source data » ABSOLUTE LOCATION %:EID . A549 AS49  AS49 A
details (|f needed) 10 | cordition . "ITERATIDT":""TBSDLUTE_LDCATIUN",
D I l EDsignatiun Mean SD N "CDLUMN—IN?E){ + DY,
ata is always taken from a particular cell Sl T T e ——
13 ¥G15.AC [Au] AC Anionic 0.02751 0.01654 3 }
References : DOI:10.1109/BIBM.2014.6999367; DOI:10.1186/s13326-015-0005-5 14 |G15.AHT [Au] AHT Cationic 0.49705  0.08013 3 }
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