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Application Programming Interface (API)

o I s oot
* API: A way computer programs talk to one another. i
— Can be understood in terms of how a programmer sends instructions mm:’ Y -
between programs o [
* The API specifies how software components should o

interact

A good APl makes it easier to develop a program by providing all the
building blocks. A programmer then puts the blocks together.

e Access the database via
— Any programming language
— Workflow systems : Taverna, Knime, Pipeline Pilot
— Allow bridging with data analysis tools
— Build different user interface and visualisations

* Implement

Your database with different technology but exposing the same API
— Ideally multiple independent interoperable implementations

GENM

eNanoMapper



Overview of OpenTox API

(REST Application Programming Interface —

GET
POST
PUT
DELETE

*The way applications talk to each other
*The way developers talk to applications

AppDomain

GET
POST
PUT

DELETE

Model
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DELETE

Dataset
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Feature

GET
POST
PUT
DELETE

Ontology

GET
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PUT
DELETE
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OpenTox datasets: Unified access to data

Everything described by W3C RDF (Resource Description framework)

Commounaq)

http://myhost.c N,N-dimethyl-4- CN(C1=CC=C(C= 3
om/compound/ aminoazobenze C1)N=N/C2=CC=
413 ne CC=C2)C

http://myhos  4-
t.com/compo acetamidofl
und/44497 uorene

a ot:Feature , ot:NumericFeature ;
dc:creator
"http://www.blueobelisk.org/ontologies/chemoinformatics-
algorithms/#xlogP" ;
dc:title "XLogP" ;
ot:hasSource
<http://myhost.com/algorithm/org.openscience.cdk.qgsar.descriptors.
molecular.XLogPDescriptor> ;

oPenTox otee:Octanol-water_partition_coefficient_Kow .
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NM database

*  Physico chemical 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).

* Data formats, Provenance, Visualisation

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

17 July 2016

challenges

Diverse requirements, posed by
nanotechnology community;

Data representation and integrat
challenges mainly due to data co
and provenance

Support for data analysis

Requires “spreadsheet” or matrix
data.

The experimental data in the pub
datasets is usually are not in a for
appropriate for modelling.

Standardisation in these sources i
to each database.

Even in curated collections the
preparation of data for modelling
straightforward exercise

» (e.g.the experimental values can be

many different ways into a matrix, deg

which experlmental protecolsand
considered_simitar; also there cou |IM

valuesdlie't epllcate r5| ilar expe
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S e S
"h.‘ ) x5
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Nanomaterials representation

 Nanomaterials e Existing data models
— Core — BioAssay Ontology
— Coating(s) — OECD Harmonized Templates
— Linkage — CoDATA UDS
— Impurities — ISA-TAB- Nano
— Components, internal e Commonalities:
structure, etc. o — Materials sample
* Typical assay description — Protocols, protocol
— Property — value (range of parameters
values) — units (Excel — Experimental conditions
templates) _ Readouts
* More complex description: « Measurements,
— Experimental graph (ISA-TAB  Measurement groups, g
/ ISA-TAB-nano) « Raw data, derived data e
17 July 2016 @&NM
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REST Application Programming

Interface

API documentation (Swagger-Ul) Interactive API queries

https://app: : Cl i ShowsHide | List Operations | Expand Operations | Raw.

/substance List substances
/substance Import substance(s) and studies

/substance/{uuid} Geta substance

eNanoMapper prototype database API

) ) ) T i« T
AMBIT REST web services 2.7.2 [with profile]. More at https://apps.ideaconsult.net/enanomapper A S e oD et subs =

/substance/{uuidy/structures Get substance composition as a dataset

Terms of service
Contact the developer

/substance/{uuid}/study Get substance study

License Implementation Notes.
Substance study.
algorithm : OpenTox Algorithms service Show/Hide | List Operations | Expand Operations | Raw Response Class
Model | Model Schema
bundle : Datasets of substances Show/Hide | List Operations | Expand Operations | Raw : -
compound : OpenTox Chemical Compounds service Show/Hide | List Operations | Expand Operations | Raw
dataset : OpenTox Dataset service Show/Hide | List Operations | Expand Operations | Raw I
)
feature : OpenTox Feature service Show List Operations | Expand Operations | Raw
Response Content Type [apphcationjson v |
. . Parameters
model : OpenTox Prediction Models service Show/Hide | List Operations | Expand Operations | Raw Cremren | WLm B Earameter  pua Type
wia [ ] pach string.
property : Chemical substances Properties service Show/Hide | List Operations | Expand Operations | Raw o Top endpoint category query string
e [ — - Ebomntes e (ol aleni auery. ssring
. Protocal.caegory code fieldy
query : Queries Show/Hide | List Operations | Expand Operations | Raw — i T — P
. property_urt [ ] property urt auery. wirins
compound : Chemical structures search ShowsHide | List Operations | Expand Operations | Raw Tsea property service
e B ]| staring page o it
substance : Substance search Show/Hide | List Operations | Expand Operations | Raw pagesize [i© ] Page size aquery ine
Response Messages
substance : Chemical Substances service show/Hide | List Operations | Expand Operations | Raw e Lo
Jeubstance e — <00 Tnvalid substance Identifier
a0a Substance not found
a0 Forbidden
/substance Import substance(s) and studies aor e —
205 Method not allowed
/substance/{uuid} Get a substance seo Internal server error
so Not implemented
S8l /substance/{uuid}/composition Get substance composition service unavailable
(<l /substance/{uuid}/structures Get substance composition as a dataset (Rt UL
hetpesss
(Sl /substance/{uuid}/study Get substance study Response Bod
N _romn: nuis R
/substance/{uuid}/studysummary Get study summary for the substance TRy G -
= et
=l substanceowner : Substance owners Show/Hide | List Operations | Expand Operations | Raw
task : OpenTox Task service (asynchronous jobs) ShowsHide | List Operations | Expand Operations | Raw L ereratetaont e t‘h '_
recuite: mail ’
I ~

[ sase ure: https://apps.ideaconsult.net/enanomapper/api-docs , ae version: 2.7.2 ]
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€ - C | [ swaggerio

SWAGGER

The World's Most Popular Framework for APIs.

A POWERFUL INTERFACE TO YOUR API

Swagger is a simple yet powerful representation of your RESTful API. With thg
. developers are supporting Swagger in almost every modern programming la

.
API, you get interactive documentation, client SDK generation and discoveral R E S | A P | d O C u I I I e ntat I O n Y
(]

We created Swagger to help fulfill the promise of APIs. Swagger helps compa

e http: / / enanomapper.github.io / AP |/

Now in version 2.0, Swagger is more enabling than ever. And it's 100% open §

“Swagger gives us all the tools we need to build and manage our REST API and documentation.
All the details are handled in the toolchain so we can focus on the technical complexities we
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Substance search

substance : Chemical Substances service

Show/Hide

- /substance

List Operation Expand Qperation Raw I

Implementation Notes
Returns a list of substances, according to the search criteria

Response Class
Model

http://jsonschema.opentox.org/ {
URI (string, optional),
bundles (object, optional),
composition (array, optional),
externalldentifiers (array[object], optional),
format (string, optional),
iSuuid (string, optional): Unique identifier for the substance,
name (string, optional),
ownerName (string, optional),
ownerUUID (string, optional): Unique identifier for the substance own
publicname (string, optional),
referenceSubstance (object, optional): Reference substance,
substanceType (string, optional) = ['Existing Chemical’ or 'UVCB' or ‘'m
‘nanoparticle’]): Substance type

Request URL

https://apps.ideaconsult.net:443/enanomapper/substance?search="nanotube*&type=1ike&bundle_uri=http

4

Response Body

https://apps.ideaconsult.net/enanomapper/substance/IUC5-5f313d1f-4129-499c-abbe-ac18642e2471

Response Code

200

Response Headers

en”,
private, no-cache",
“text/uri-list;charset=UTF-8"

"Content-Language™":
"Cache-Control”:
"Content-Type":

}

s¥%3A%2F%2Fapps.ideaconsult.net%2

»

}

Response Content Type | text/uri-list v
" Parameters

Parameter Value

search *nanotube*

type like (default) v

compound_uri

bundle_uri https://apps.ideac onsult. net/enanomapper/bundle/1
S 0

pagesize 10

Try it out! ‘

BE@ENM

C' | @ https://apps.ideaconsult.net/enanomapper/substance?type=like&search="nanotube*

Search v Nanomaterials OpenTox v Demo v Help ¥
A Search substances by identifiers
Substance search @
Name (pattem matching) v Showing from 1 to 1 in pages of 10 v substances o Previous Next
“nanotube* . Substance Name Substance UUID Substance Type Public name
Search -1- Multi-Walled Carbon Nanotubes (MWCNT), 1UC5-5f313d1f-41... mono constituent substance | Multi-Walled Carbon Nanotubes
s synthetic graphite in tubular shape ® (MWCNT), synthetic graphite in tubular

Study°: P-Chem ENV ECO TOX

Reliabilitv® - 123456

17 July 2016
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Experimental data

/substance/{uuid}/study

Request URL

https://apps.ideaconsult.net:443/enanomapper/substance/IUCS5-5f313d1f-4129-499c-abbe-acl8642e2471/study?top=P-CHEM&page=0&pagesize=
Implementation Notes ‘

>

R Bod
| Substance study esponse Body
effect=": [ -
{
“endpointT: "ZETA POTENTIAL™,
Response Class condition
“MEDIUM
Model “Remark
"STD_DEV™: {
http://jsonschema.opentox.org/ { Fhsrets 2.5

citation (object, optional),
effects (array[Effect]),
interpretation (object, optional),
owner (object, optional),
parameters (object, optional), e e =N

protocol (object), it

reliability (object), spQuetiTRerT ~
uuid (string): Unique identifier for the study document ‘ :

} Response Code

http://jsonschema.net { =ee
conditions (object, optional),
endpoint (string, optional),

Response Headers

a "Content-Type™: “application/json;charset=UTF-8",
result (Result, optional) ) TCechetconirol®: fno-cache®
}
http://jsonschema.opentox.org { |
loQualifier (string, optional), B Search ~ Nanomaterials ~ OpenTox ~ Demo ~ Help ~

loValue (number, optional),
unit (string, optional),

A  Substance ’ IUC5-5f313d1f-4129-499c-abbe-ac18642e2471 ; Study

. . .
I 1. — 1 1
e T 3
upQualifier (string, optional), a ppl Icatlon/Jsc L 1 I~ | T
upValue (number, optional) Filter... \
} Multi-Walled Carbon Nanotubes (MWCNT), Synthetic Graphite In Tubular Shape
7.2.1 Acute toxicity - oral (1) a
Response Content Type | application/json v = - = e
Specie$ Endpoint value Sex Interpretation of the results: | Guideline Study year Owner uvuID
v LDLo >= 2000 female X ) OECD Guideline 423 (Acute Oral IUCS-49179f2f-867c-4e7c-8f...
Parameters = LDS0 cut-off >= 5000 female P Y nontoxic toxicity - Acute Toxic Class Method) 2008
Showing 1 study(s) (1 to 1) 4 Previous Next B -
Parameter Value Description g
m—— x
uuid 1UC5.-5313d1f-4129-499c-abbe-ac18642e2471 Substance UUJ) | 7-6-* Genetic toxicity in vitro (1)
Met; i
o bolic udh
top P-CHEM v Top endpoint ¢ Genotoxicity type 4 Study type :::: ';eﬁ. Species/strain| Morabole ici B ideti s;e "] ownes vu @
g
category v Endpoint categ chromosome and DNA damage |"onucleus test in vitro (MRvit) | - A9 without negative - 2011 UEs-6bdaadd1-66c2-...
field) and Comet assay in vitro ASa9 without negative ®
Showing 1 study(s) (1 to 1) @ Previous Next B
Try it out! L
| 7.7 carcinogenicity (1) v

. _ - Z, ‘:?'.
17 July 2016 ' ";g’\n‘*
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Data model

Try it outl | Hide Response

Request URL

Names, |ds
. | \. J
https://apps.ideaconsult.net:443/enanomapper/substance/IUCS-5f313d1f-4129-499c-abbe-ac: /

. Substance /

Response Body Matenal

[ core (structure, properties)
v"topcatego;y": “TOX", \ (" ) /
“"category™: {
"code™: "TO_ACUTE_ORAL_SECTION",

Composition
“title": "7.2.1 Acute toxicity - oral”

J \[ coating (structure, properties) ]
3
“endpoint”: "Acute toxicity: oral.eel",

"guideline™: [

"OECD Guideline 423 (Acute Oral toxicity - Acute Toxic Class Method)”

1
15
"parameters”: {
"Sex": "female",
“species™: "rat [ Protocol #1 ] Protocol #2
L parameters
"reliability": {
"r_isRobustStudy”: "false",
"r_isUsedforClassification": "false",

"r_isUsedforMsDps": “"false",
“r_purposeFlag": “key study",

"r_studyResultType": “experimental result”, "
“r_value": "1 (reliable without restriction)"
3
"interpretation”: {
"result”: "practically nontoxic” Protocol Protocol
Zeffects": [

Application #1 Application #2
{

“endpoint": "LDLo",

"conditions": {

"Sex": "female" T
b —
"result™: { Conditions
I "unit": “"mg/kg bw",
"loQualifier™: ">=",

"lovalue": 2000

) Measurement #1 ~__ e
>,) Numeric value / Interval / Unit, Text value,
: ¢ Link to raw data file
“endpoint": "LD5@ cut-off ",
"conditions": {
"Sex": "female"
b Measurement #2
"result": {

"unit": "mg/kg bu",
“"loQualifier”: ">=",
"loValue": 5000

BENM
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Chemical Structure Search

text/n3 v

compound : Chem

EEIIC atlonf|son
- /query/comp:

application/rdf+xml
Implementation Note text/csv

Returns compounds fot text/plain
chemical/x-mdl-sdfile

Response Class chemical/x-cml
Model Schema ¢ hemic al/x-daylight-smiles
chemical/x-inchi

text/x-arff
Response Content Type text/x-arff-3col

Request URL

<

Response Body

ot:values

ot:values
L=
ot:feature

L=
Response Code

200

Response Headers

“Content-Type":

“Cache-Control™: “no-cache

Parameters . . .
Parameter Value Tltan lul I I dlc
term search (default) v
representation | all (default) v
search [Ti](=0)(=0) Compour

-~ (SMILES,
registry i
b64search Base64 en
included,
of the 'sea
casesens false (default) v Case sensi
condition v Search cot
bundle_uri Bundle UR
mol v Only for a|
include mi

BEES 0 Starting pi

pagesize 10 Page size

17 July 2016 -

[ =
ot:feature
[a
dc:
dc:
ot:

ot:

<https://apps.id ult.net/en /auery/ nd/search/all>
a ot:Dataset ;
ot:dataEntry
[ = ot:DataEntry ;
ot:compound <https://apps.i 1t.net/ s /85> 3

ot:Featurevalue ;

ot:Feature ;

creator “http://ambit.sourceforge.net” ;
title "http://www.opentox.org/api/l.1#ChemicalName™ ;
hasSource "Default™ ;

units "

ot:ChemicalName

"Tio2"~~xsd:string

ot:Featurevalue ;

ot:Feature ;

“fext/n3;charset=UTF-8",
= Pes

TETTOITTETS )
Exact structure Similarity Substructure URL
I Identifiers | Datasets

Showing from 1 to 1 in pages of 20

) Enable fragment search® [Ti](=0)(=0)

v entries 4 Previous Next b

Diagram CasRN EC number IUCLID 5 Rt Names Trade Name IUPAC name SMILES Std. InChl key Std. InChl
0\ I Identifiers I Substances
Ti
Name - Value
‘ IUCLID 5 Reference substance UUID @ NWKI-80b69a12-be6a-3789-ac03-d86d2dad3f57
° IUPAC name @ Tio2
Names @ Tio2
SMILES @ 0=[Ti]=0
Std. Inch1 @ InChI=15/20.Ti

- Std. InChI key @

* X %
* *

*
* *
* 5k

GWEVSGVZZGPLCZ-UHFFFAOYSA-N

@
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Search nanomaterial by chemical

structure

Request URL
/query/substance/related
https://apps.ideaconsult.net:443/enanomapper/query/substance/related?compound_uri=https%3A%2F%2Fapps.ideaconsult.net¥2Fenanomapper

< >

Implementation Notes Response Body
“format™: ", -
Search substances by related structures e P R,
“referenceSubstance™: {
"iSuuid™: "NWKI-2e2f5129-d46a-39c7-8f26-5626aec2174e™,
Response Class “uri®”: “https://apps.ideaconsult.net/enanomapper/query/compound/search/all?search=NWKI-@02f5129-d46a-39c7-8f26-5626acc2
T
Model “composition”: [
<
http://jsonschema.opentox.org/ { “substance™: {
URI (s(rmg op{ional) "URI™: "https://apps.ideaconsult.net/enanomapper/substance/NWKI-082f5129-d46a-39c7-8f26-5626aec2174e™
g ' e
bundles (object, optional), “component™: {
.y - = d”
composition (array, optional), e L P
externalldentifiers (array[object], optional), Exact structure | Similarity  Substructure  URL Enable fragment search® [Ti[(=0)(=0) ol .

format (string, optional),

iSuuid (string, optional): Unique identifier for the substancq || Identifiers | Datasets | Export
name (string, optional), Showing from 1 to 1 in pages of 20 v entries 4 Previous Next b
ownerName (string, optional),

ownerUUID (string, optional): Unique identifier for the sub
publicname (string, optional), o\ e | substances
referenceSubstance (object, optional): Reference substand

Diagram CasRN EC number IUCLID 5 Rt  Names Trade Name IUPAC name SMILES Std. InChl key Std. InChl REACH registration date Similarity

o——d

Showing from 1 to 20 in pages of 20 v | substances 4 Previous Next b
substanceType (string, optional) = ['Existing Chemical’ or 'J
'nanoparticle']: Substance type N Name Type Public Reference substance Oowner Info Contained
uuID name uuID inas
) -1- JuganS R68 NWKI-00... MetalOxide R68 NWKI-00... NanoWiki Composition = Ti02 core @
] ® ® DATASET = NanoWiki
Has_Identifier = 104
Response Content Type | application/json ¥ 1- SOURCE = Jugan2011
"4 -2- Wang2009 NM6 NWKI-09... MetalOxide Bulk TiO2 NWKI-09... NanoWiki Composition = TiO2 core @ —
] ® ® DATASET = NanoWiki P
Parameters Has_Identifier = 169 s
R = Wi
Parameter Value Sl = = LAY
-3- Cytotox2011Puzyn13 = NWKI-Of... MetalOxide Tio2 NWKI-Of... Nanowiki = Composition = Ti02 core ®
compound_uri https://apps.ideaconsult.net/enanomapper = ° ° DATASET = NanoWiki
Has_Identifier = 13
—_— -4- Gerloff2009 NM1 NWKI-18... MetalOxide Tio2-F NWKI-18... NanoWiki Composition = TiO2 core @
| Try it out! H ] ® ® DATASET = NanoWiki
Has_Identifier = 150
SOURCE = Gerloff2009 v |

17 July 2016 T = I @&NM
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Nanomaterial components

/substance/{uuid}/composition Request URL

https://apps.ideaconsult.net:443/enanomapper/substance/FCSV-6aead743-7abb-3448-85ce-961b67fcad7f/ composition?page=08pagesize=10
Implementation Notes

Substance composition Response Body

B
"component”: {
Response Class . .
compound”: {
Model Schema "URI": "https://apps.ideaconsult.net/enanomapper/compound/7/conformer/7",
"structype": "NA",

"metric": null,

"name"
Response Content Type | application/json v "cas": "",
"einecs": ""

Parameters L
paramen\y \aliea NAarrrintinn Navamata "ualuae™: f
uuid . Substance Substance UUID Substance Type Public Reference Owner Info R2erCIR2:CheniCalNaneD=rauT g Ry

Name name substance UUID
page -1- G60.AUT FCSV-6aeal743-7... = nanoparticle G60.AUT | ECSV-50ccad21-d... = Protein Corona Fingerprinting Predicts the Cellular Classification = Cationic

. @ L] ® Interaction of Gold and Silver Nanoparticles.csv

pagesi

Composition name:
Composition UUID:
Purity of IUC Substance:

FCSV-6aeal743-7abb-3448-85ce-961b67fca97f

Try it oL
he— A

Type Name EC No. CAS No. Typical concentration Concentration ranges Structure

Costing & 11-Azanylundecane-1- 0 % (ww) 0 % (wiw) 0 % (wiw) Also contained

Thiol, Dixriqjyisyse-Uhfffaoysa- in.. 2
N.Inchi=1s/C11h25ns/C12-10-

8-8-4-2-1-3-5-7-8-11-13/H13h,1-

12h2,11-Aminoundecane-1-

Thiol,11-Amino-1-

Undecanethiol

“joaatant
Core &£ [Au] 0 % (wow) 0 % (ww) 0 % (ww) Also contained - -

17 July 2016
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Thank you!
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