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GLOSSARY

A media type (also MIME type and content type) is a-pact
Content type identifier for file formats and format contents transmitted or
the Internethttps://en.wikipedia.org/wiki/Media_type
JavaScript Object Notatids an operstandardformat that
uses humasreadable text to transmit data objects consistint
of attributecvalue pairs. It is the most common data format
used for asynchronous browser/server communication
JavaScript Object Notation for Linked Data, is a method of
JSONLD encoding Linked Data using JSON
https://en.wikipedia.org/wiki/JSONLD
RDF/XML is a syntagefined by the W3C, to express an RC
RDF/XML graph as an XML documelmttps://www.w3.0rg/TR/rdf
syntaxgrammar/
Notation3, or N3, is a shorthand notML serialiation of
Resource Description Framework models
MDL Molfle isaformat for holding information about the
atoms, bonds, connectivity and coordinates of a molecule.
"SDF" stands for structurg@ata fileand may consisbf
multiple MOL Molfiles, representing multiple molecules
Representational state transfer (REST) is an abstraction ol
architecture of the World Wide Web; more precisely, REST
an architectural style consisting of a coordinated set of
architectural constrairg applied to components, connectors
REST and data elements, within a distributed hypermedia system
REST ignores the details of component implementation an
protocol syntax in order to focus on the roles of component
the constraints upon their interaction Wi other components,
and their interpretation of significant data elements.

JSON

N3

MDL MOL file, SDF file
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1. EXECUTN&UMMARY

Searching and downloading nanaterial data was identified from requirements analyassone of the

top priority use case®r users within the Nano Safegpmmunity The search modes include both free

text and structured search, which appeal to different types of users. The typical structured search requires
combining queries on chemical composition and query on physicochemical characterization and bioassay
outcomes. The preferred way of displaying the search result is a summary, with a subsequdotarill

for details. This deliverable describes a user friendly free text search application
(http://search.data.enanomapper.ngt provides examples of using thé&PIl for searchingthe
eNanoMapper databaseia R and examples obuilding visual summaries with Javascript. Download of
substances and studies as well as search results is enabled via REST ARleckignload formats
supported include JSON, spreadsheets (XLSX) and semantic formats (RDF/XML,-NB).J&OMeb

pages athttp://data.enanomapper.netprovide download links for user convenienck. blog post,
describing how to usehe different database search functionalitiemd an example of measurenten
representationdn a semantic format are provided as Annexes.

2. INTRODUCTION

The requiremend analysis performed by eNanoMapper within the scientific commwity 1 identified
searching and downloadg nanomaterial data as one of the top priority use cag@seNanoMapper
(D1.2) Structured and free text sear@ppeal to different types of usefpersona) The typical structured
search requires combining quesieon chemical composition and query on physicochemical
characterization and bioassay outcomgescribed inS b I y 2 a I LILIS NIJDAMNSNaRagdmen2 y G
System with extended search capabili&i€®3.2 andin the eNanoMapper database publicatifi]). We
have implementeda free text search applicatiomvhich ispowered bythe Apache SOLR] free text
search engine anid using the eNanoMapper ontolod@] for database entries annotation and synonym
expansion. The REST API enables searahgh programming environment, e.g[4 and building visual
summaries through JavaScript. The visual sunieeacan be integrated in the eNanoMapper web
interface, as well asmbeddedn external web sitedDownload of substances and studies as well as search
results is enabled via REST API aalisspecifying the content typé can be usediaboth web browsr

and programming environments.
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3. USERAPPLICATIONORSEARHING
ANDDOWNLOADINGNANOMAPPER
DATA

The eNanoMapper prototype database, available Hdtp://data.enanomapper.net/and described in
eNanoMapper reports on the eNanoMapper database develom@8t} D3.2 and in the eNanoMapper
database publicatiofil], supports several query types and allovesrievinginformation of nanomaterials
through a REST web services ARp(//enanomapper.qgithub.io/APIy and a web browser interface. This
deliverable describea user application providingn intuitive free text search interfacas well as using
the database API to send queries through R and JavaSaatptdownload is supported via REST APl and
allows RDF, CSV, JSONXXS download.

3.1SEARCH

The API offersaess to a variety of searches by substance identifier, any combination of measurement
endpoirts, and/or chemical structurélhe analysis of the use cases and ¢heainedfeedback of using

the prototype database highlighted the need of a simplified seamtdrface, supporting syonyms and
allowing many variants of specifying the query (e.g. ZnO, zinc oxide, zinc oxide nanoparticle, NPO_1584
return the same set of results). In addition, br@mg the results can be facilitated by providing summary
statistics of the elements found, e.g. the number of metal oxide entries. Therefore a free text search user
interface was built, allowing data exploration without requiriagpriori knowledge of the database
content and field names. The free text searclplgationuses the Apache SdR] search engine and the
eNanoMapper ontology as synonyms and database entries annotation.

An initial versiorof the free search interface was developedaasingle page JavaScrggplication and a
screenshot submittedo the eNanoMapper issue tracker for feedback by partners and interested users
https://github.com/enanomapper/data.enanomapper.net/issuegBigurel).
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-@ENM Search ~ Nanomaterials OpenTox Help ~ lquest] Log out

& | Search

Current Selection

remove all

() substanceType:NPO 1373 OR substanceType:NPO 1486 OR
substanceType:NPO 1542

BAO 0002167 SECTION OR
BAO 0002993 SECTION OR
PC_GRANULOMETRY SECTION

Sources

NanoWiki -«

Nanomaterial type

1373 NPO 1486

Search

NM-111 [JRC2011 NM-111]

NPO 1542zinc oxide nanoparticle

@ NPO_1709. LDH Release Assay () [6] % cell viability = 102057976 more

@ BAD_0002993. Cytotoxicity Assay [20] TN (ng/mi) = 13771562 more

@ 4.5. Particle size distrib
ulo

tribution -
(Granulometry) (S) [513] PARTICLE SIZ2 =3¢ more

i 4-28. Nanomaterial specific surface area
35

&8 SPECIFIC_SURFACE_AREA = 250 mare

SiO2 [Zhang2013 M17]

NPO 1373 nanomaterial PC_GRANULOMETRY SECTION PARTICLE SIZE stud

5 ACE AREA SECTION SURFACE CHEVISTRY SECTION
ZETA POTENTIAL SECTION

Protocols

DLs ELISA J TNF-I* release in culture medium
Epg-2Dmodified Comet Assay T EIV]

Endpoint
D in Tai mass weDian asroovuaic oaverer PARTICLE SIZE
T2 ()

Results

References

hitp-//dx doi.org/10_1002/smil 201002366

hitp://dx doi org/10 1016/.envpol 2008 11.004

http://dx.doi.org/10.1021/es9016975
12112309812z

Nitp//d. doi 01a/10.10;

hitp //dx doi.org/10.1021/nn2021056 http:/dx doi org/10.1021/nn2021 164
hitp//dx doi.org/10.1021/nn3010087

hitp://dx doi 0rg/10 1021/nn301622h
http:/dx.doi.org/10.1021/{x800289z

http://dx doi.ora/10.1080/10934520600966177
Jnbbem Ml el 10 4 AL Il

NA27474

PARTICLE SIZE = 13.5 more

SiO2-200 [Rancanzo1z M3]

MPO 1373 nanomaterial PC_GRANULOMETRY SECTION PARTICLE SIZE study

PARTICLE SIZE = 190 more

ASP30F [Docterzo14 M4]

MPO 1373 nanomaterial PC_GRANULOMETRY SECTION PARTICLE SIZE stud

PARTICLE SIZE = 30.6 more

TiOz2 [Shizo12 NM1]

NPO 1486 nanomaterial PC_GRANULOMETRY SECTION PARTICLE SIZE stud

PARTICLE SIZE = 29.2 more

ZnO [Kimzo12z NMz2]

MPO 1542 nanomaterial PC_GRANULOMETRY SECTION PARTICLE SIZE stud

PARTICLE SIZE = 50 more

NM-110 [JRC2011 NM-110]

NPO 1542 nanomaterial PC_GRANULOMETRY SECTION PARTICLE SIZE stud

PARTICLE SIZE = 150 more

Figurel. Initial interface of the free text search application

The feedback provided by all eNanapper partners was positive, with many specific suggestions,

summarizedelow:

The display should use labels instead of NPO_xxx codes

addthe ability to "sort by", e.g. alphabetical on name, on size, gétire experiment

the references could use the D@thout the http://dx.doi.org/

having the possibility of multiple selection, getting the, listing identificatibaracterization,

assay, results

Search should be possible for e.g. 'ZnO' or 'zinc oxide', not onlgod®O
Searching by test species
Search for specific guidelines
The difference between Asstypes and Endpoints is natmediately obvious
The purpose of the result section is unclear
Font size in the text clouds are confusing, they indicate frequencyoaselected items

A hierarchy would be useful e.g. for data aggregation (NM types and assays/endpoints). Low

priority.

Should there be a group for selecting e.g. particle size rangéss, but low priority.
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Taking into account the feedback, the applioativas further developed and made available at
https://search.data.enanomapper.neind http://enanomapper.github.io/data.enanomapper.ie

@ eNanoMapper x

« > Cc ID enanomapper.github.io/data.enanomapper.net/

=S

HEeENM

Integrated view of @ eNanoMapper database and @ caNanoLab

Search v Nanomaterials v Help v About ¥

I Search |z once

Feedbark

Current Selection <12 > displaying 1o 20 of 32
) zinc oxide @  ZnONM-110_482nm_0.1_Bath Zn0 NM-110
TOX Cell Viability Assay EC25 = 14 455848521679469 ug/ml [WST-1] [2015] more
[ - Data sources ‘materil composition sty
\ | HoDENA { | anowii { ‘ @  ZnONM-110_nm_0.05_Tip ZnO NM-110

P-CHEM Zeta potential ZETA POTENTIAL = 24 3 mV [Zeta Potential] [2015] more

material eomposiion stugy

@ ZnO NM-110_nm_0.1_Tip ZnO NM-110

P-CHEM.Nanomaterial specific surface area Nanomaterial specific surface area = 11.6 13

material composition stugy

m2/g [SPECIFIC SURFACE AREA] [2015] more

@  ZnONN-110_313nm_0_Vortexing ZnO NM-110
P-CHEM.Nanomaterial specific surface area Nanomaterial specific surface area = 11.8 13

material composition stugy

m2/g [SPECIFIC SURFACE AREA] [2015] more

@ Zn0O NM-110_160nm_0.1_Bath ZnO NM-110
P-CHEM Zeta potential ZETA POTENTIAL = 24 3 mV [Zeta Potential] [2015] more

material composition stugy

@ Zn0O NM-110_160nm_0.15_Bath ZnO NM-110
P-CHEM Zeta potential ZETA POTENTIAL = 24 .3 mV [Zeta Potential] [2015] more

material composiion stugy

Figure2. Search application (zinc oxide query)

The search application &single page web applicatiqfrigure2), using asynchronou¥avaScriptalls to
submitqueries, receive mults andto render the web page elements. The page consists sgarch box
(highlighted in blue, top) a summary panel (left, green) and the results arerslabwthe main panel

(yellow).¢ KS NB & dz (&

27

| areiilfistrakEd orFigueRIThé paneldtGhe RIE(§rées)é

contains several summaries, grouped in the following categobesa sources, Nanomaterial type; P
Chem (physicochemical characterizationYox (toxicity assays) Cell, Species, ResultReferences,
Protocols, InstrumentsEvery panel is expandable and shows the types of elements found for the
particular query& T A y O in2his kaReS Eor example, there are two data sources shmwhigure2,

OMODENA

I YaRoWiké = 0SOl dzaS G KSas

G2 RIFGI

& 2 dzNJnS &

available data sources hitp://data.enanomapper.netare described imNanoMapper report$3.2 and
previously ireNanoMapper report®3.1 and D5.4.
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All widgets on the left are expandable on dingk Figure3 shows the expandeNanoMaterial typavidget.

i _X_
€ - € |[ enanomapper.github.io/data.enanomapper.net/ | F &0 =
-®§J§M Search v Nanomaterials ¥ Help v About ¥
Integrated view of @ eNanoMapper database and @ caNanoLab Search  zinc oxide Pesavack
Current Selection <12 > displaying 110 20 of 32
(X) Zinc oxide @ ZnO NM-110_482nm_0.1_Bath ZnO NM-110 2
TOX.Cell Viability Assay EC25 = 14.455848521679469 ug/ml [WST-1] [2015] more
R e material composition study
= Nanomaterial type I @ Zn0O NM-110_nm_0.05_Tip ZnO NM-110 [
T I ‘ P-CHEM.Zeta potential ZETA POTENTIAL = 24.3 mV [Zeta Potential] [2015] more
material comgosiion Study
P-CHEM (26)
Tox (e @  ZnONM-110_nm_0.1_Tip ZnO NM-110 E)
(®) P-CHEM.Nanomaterial specific surface area Nanomaterial specific surface area = 11.8 13 m2/g [SPECIFIC SURFACE AREA] [2015] more
> Cell meteial somposiion study
» Species
@  Zn0NM-110_313nm_0_Vortexing ZnO NM-110 )
A et P-CHEM.Nanomaterial specific surface area Nanomaterial specific surface area = 11.8 13 m2/g [SPECIFIC SURFACE AREA] [2015] more
+ References material composition study
» Protocols @ ZnO NM-110_160nm_0.1_Bath ZnO NM-110 2
P-CHEM.Zeta polential ZETA POTENTIAL = 24.3 mV [Zeta Potential] [2015] mare
» Instruments
material cemposiion study
@ Zn0O NM-110_160nm_0.15_Bath ZnO NM-110 o
P-CHEM.Zeta potential ZETA POTENTIAL = 24.3 mV [Zeta Potential] [2015] more
material composition study

Figure3. The nanomaterial type panel shows zinc oxide only, because this is wheatuery is about.

Figure 4 shows the expanded P-CHEM widget where P-CHEM is short for physicechemical
characterisation and shows a summary of the type of experiments (the tags marked with green line at the
right) and endpoints (the tags marked with blue line at the right).
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4B eNanoMapper x
& - C [ enanomapper.github.io/data.enanomapper.net/ %9 G a0 =
-@M Search v Nanomaterials Help About

Integrated view of @ eNanoMapper database and @ caNanolab Search |zinc osive Feedbeck

Current Selection <12 > displaying 110 20 of 32

() Zin oxide

@

ZnO NM-110_482nm_0.1_Bath ZnO NM-110
TOX.Cell Viability Assay EC25 = 14.455848521679469 ug/ml [WST-1] [2015] more

material composition stugy

P-CHEM (26)

Nanomaterial aspect ratio/shape i
Particle size distributien (Granulometry) i
Nanomaterial specific surface area ]

Zeta potential j

ASPECT RATIO J PARTICLE SIZE ]
PRIMARY SIZE 15T DIMENSION ]
Nanomaterial specific surface area ]
ZETA POTENTIAL ]

@

ZnO NM-110_nm_0.05_Tip ZnO NM-110
P-CHEM _Zeta potential ZETA POTENTIAL = 24.3 mV [Zeta Potential] [2015] more

material composition stugy

Zn0 NM-110_nm_0.1_Tip ZnO NM-110
P-CHEM Nanomaterial specific surface area Nanomaterial specific surface area = 11.8 13 m2/g [SPECIFIC SURFACE AREA] [2015] more

material composition study.

Zn0O NM-110_313nm_0_Vortexing ZnO NM-110
P-CHEM Nanomaterial specific surface area Nanomaterial specific surface area = 11.8 13 m2/g [SPECIFIC SURFACE AREA] [2015] more

material eomposiion stugy

TOX (6)

Zn0O NM-110_160nm_0.1_Bath ZnO NM-110
P-CHEM.Zeta potential ZETA POTENTIAL = 24.3 mV [Zeta Potential] [2015] more

material composition stugy

ZnO NM-110_160nm_0.15_Bath ZnO NM-110
P-CHEM Zeta potential ZETA POTENTIAL = 24 3 mV [Zeta Potential] [2015] more

material composition stugy

Zn0 NM-111_285nm_0.1_Tip ZnO NM-111
P-CHEM.Nanomaterial specific surface area Nanomaterial specific surface area = 14.5 15.7 m2/g [SPECIFIC SURFACE AREA] [2015] more

material composition study.

2Zn0 NM-111_310nm_0_Vortexing ZnO NM-111
P-CHEM.Nanomaterial specific surface area Nanomaterial specific surface area = 14.5 15.7 m2/g [SPECIFIC SURFACE AREA] [2015] more

material composiion stugy

o

]

Zn0O NM-111_180nm_0.1_Bath ZnO NM-111
P-CHEM Particle size distribution (Granulometry) PRIMARY SIZE 1ST DIMENSION = 101 nm [TEM] [2015] more

material composition stugy

]

ZnO NM-111_180nm_0.15_Bath ZnO NM-111
P-CHEM.Particle size distribution (Granulometry) PRIMARY SIZE 1ST DIMENSION = 101 nm [TEM] [2015] more

@

FTéure4. The RCHEM (physicahemical characterisation) panel shows the type and the number of entries available for

different physicochemical measurements.

Mouse hover on each tag reveals more informatisngchas number of entries (the caloed part of the
tag) or ranges of the available measuremenb(tip on the tags marked blue)yseeFigure5.
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Current Selection

(x) Zinc oxide

+ Data sources

v Nanomaterial type

P-CHEM (26)

Manomaterial aspect ratio/shape i
Particle size distribution (Granulometry) i

Manomaterial specific surface area i

Zeta potential n

ASPECT R.ﬂ.{ ZETA POTENTIAL_SECTIOM l
) |

PRIMARY SIZE 15T DIMENSION i

Manomaterial specific surface area i

ZETA POTENTIAL ﬂ

_| ZETA POTENTIAL (-15.1, 24.3) mV ]
TOX (67

Figure5. Summary details, e.g. shows the range of the Zeta potential measuremed.{, 24.3) mV

Figure6 shows theTOXwidget expanded. TOX stands for toxicity assays, and shows a summary of the
type of the experiments (the tags marked with green line at the right) and endpoints (the tags marked
with blue line at the right).
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B eNanoMapper x el [E=TTol ")
& - € [[) enanomapper.github.io/data.enanomapper.net/ w - @20 =
-@.&u.NmM. Search v Nanomaterials ~ Help v About ¥ =
Integrated view of @ eNanoMapper database and @ caNanolab Search  zinc oxide Feedback

Current Selection <12 > displaying 110 20 of 32

X) Zine oxide @ ZnO NM-110_482nm_0.1_Bath ZnO NM-110 [
TOX.Cell Viability Assay EC25 = 14.455848521679469 ug/ml [WST-1] [2015] more

N Rt e material compostion stugy
» Nanomaterial type @  ZnONM-110_nm_0.05_Tip Zno NM-110 =
P-GHEM Zeta potential ZETA POTENTIAL = 24 3 mV [Zeta Potential] [2015] more
P-CHEM (26)
material composition study
| Tox® |
Cell Viability Assay { | LDH Release Assay @  ZnONM-110_nm_0.1_Tip ZnO NM-110 u

P-CHEM.Nanomaterial SpeCmC surface area Nanomaterial SpeCmC surface area = 11.8 13 m2!g [SF‘ECIFIC SURFACE AREA] 2015] more
EC25 i LDH_Release { Log_Reciprocal_EC50 i
material composition study

Toxicity Classifier § | % cell viabilty {

@  ZnONM-110_313nm_0_Vortexing ZnO NM-110 )
v Cell P-CHEM Nanomaterial specific surface area Nanomaterial specific surface area = 11.8 13 m2/g [SPECIFIC SURFACE AREA] [2015] more

» Species meterial eompostion stugy
» Results
@ ZnO NM-110_160nm_0.1_Bath ZnO NM-110 @ I
N P-CHEM.Zeta potential ZETA POTENTIAL = 24.3 mV [Zeta Potential] [2015] more
+ Protocols material comgosiion Study
+ Instruments @ ZnO NM-110_160nm_0.15_Bath ZnO NM-110 E

P-CHEM Zeta potential ZETA POTENTIAL = 24 .3 mV [Zeta Potential] [2015] more

material composition stugy

@  2ZnONM-111_285nm_0.1_Tip Zn0 NM-111 v
P-CHEM.Nanomaterial SpEC\ﬂE surface area Nanomaterial SDEEmC surface area = 14.515.7 mz/g [SPEC|F|C SURFACEAREA] [2015] more

material composiion stugy

Figure6. The TOX (toxicity assays) panel shows the type and the number of entries available for diffei@ogical assays.
Hover with mouse on each tag in order to see more details

Figure7 shows theCell W|dgetexpanded TheCell W|dgetd|splays the cell lines used in the blologlcal
assays involved with zinc oxidS@®©1 t f ¢S I NB adAftf SELI2NAYy3 (KS
shown under theCurrent selectiosection at the top left).
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& eNanoMapper x
"
& - € [ enanomapper.github.io/data.enanomapper.net/ PRaR <4 ® 0 =
-®§_N,M Search v Nanomaterials v Help v About v
Integrated view of @ eNanoMapper database and @ caNanoLab Search \zmc oxide Feetback
Current Selection <12 > displaying 110 20 of 32
(x) ZInc oxide @  ZnONM-110_482nm_0.1_Bath ZnO NM-110
TOX Cell Viability Assay EG25 = 14.455848521679469 ug/ml [WST-1] [2015] more
+Data-sources material compositon study
» Nanomaterial type @  ZnONM-110_nm_0.05_Tip ZnO NM-110
P-CHEM Zeta potential ZETA POTENTIAL = 24 3 mV [Zeta Potential] [2015] more
P-CHEM (26)
material sompositon study
TOX (6)
. cell @  ZnONM-110_nm_0.1_Tip ZnO NM-110
€ P-CHEM.Nanomaterial specific surface area Nanomaterial specific surface area = 11.8 13 m2/g [SPECIFIC SURFACE AREA] [2015] more
Beas28 { | caco-2 cell { | Escherichia coli cells {
material composition stugy
THP-1 macrophage i
@  ZnO NM-110_313nm_0_Vortexing Zn0 NM-110
» Species P-CHEM.Nanomaterial specific surface area Nanomaterial specific surface area = 11.8 13 m2/g [SPECIFIC SURFACE AREA] [2015] more
» Results material composition study
* References @ ZnO NM-110_160nm_0.1_Bath ZnO NM-110
P-CHEM Zeta potential ZETA POTENTIAL = 24 .3 mV [Zeta Potential] [2015] more
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Figure7. The cell lines used in the experiments, involving zinc oxide nanoparticles

Clickingon each button updates the Current selection with another entry. Clicking onTthEl
macrophagedutton adds a second entry, restricting the query famc oxide + THP macrophageThis

is an illustrationof how one can restrict the query by clickingnyacombination of the tags from the
summary panels. The content of the result and summary panel will adapt to reflect the query results
(FigureB).
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Figure8. The cell lines used in thexperiments, involving zinc oxide nanoparticles.

The content of theCurrent selectioan be directly modified by clicking the (x) links, which will remove
the selection and the result and summary panel content will be updéteglire9).
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