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Abstract

Chemicalinformationis now seenascritical for mostareas
of life sciencesBut unlike Bioinformatics,wheredatais
Openlyavailableandfreely re—usablemostchemical
informationis closedandcannotbe re—distributedvithout
permissionThis hasledto afailure to adoptmodern
informaticsandsoftwaretechniquesndthereforepaucityof
chemistryin bioinformatics New technology however offers
thehopeof makingchemicaldata(compoundsndproperties)
FreeduringtheauthoringprocessWe arguethatthetechnology
is alreadyavailable we requirea collectiveagreemento
enhancepublicationprotocols.

Background

In "RepresentatioandUseof Chemistryin the Global
ElectronicAge'[1] we showedthatnewtechnologycan
providegreatincreasesn the quantityandquality of
aggregated¢hemicalinformationpublishedn the primary
literature.We alsoarguedthe benefitsof OpenAccessandOpen
Data.Thecurrentinvited overviewanda paralleltechnical
articleextendghe samemethodologyto chemistryin
bioinformaticsto removethelossandcorruptionof datathat
occursin currentpublishing.We arepleasedhatthisis an
OpenAccesspublication,andwe expectthatbioinformatics,
with its cultureof OpenData,is morelikely thanmainstream
chemistryto adoptnewapproache®Benefitsincludehigher
quality, greateravailability,anddevelopmenbf the
BiochemicalSemantidNebwhererobotsminetextanddataasa
basisfor knowledge—-driverscienceWe arguethatfunders,
institutions,authors gditors,publishersandreaderswill all
benefit

Biosciencesiow requirelargeamountf detailedchemical
information,exampleof whichincludethe occurrenceand
role of small-molecule#n biological processeghemechanism
of biochemicakeactionsandinteractionsthe structureand
propertief biomoleculesreagentsprotocolsand
classificatorytoolsfor performingbiosciencechemistryin
the ecosphereSuchinformationis only availablein a
dispersednanneiin the primaryliteratureandcurrent
mechanisméor its collectionanddisseminatiordo not meetthe
needf bioscienceHoweverif thereis acommunabwill,
modernchemicalinformaticstechnologycanprovidewhatis
required.Theexcellentmodelfor the captureof macromolecular
sequencandstructuredatainform our architecture.

Publisheddataincludementionof chemicalcompoundgoften



in freetext), detailsof their synthesigin vivo andin

vitro), proof of their structure(spectraandanalyticaldata),
methodsandreagentsn bioscienceprotocols the physicaland
biologicalpropertiesandreactionof compounddothin enzymes
andenzyme-fresystemsWith thetoolsthatwe andothershave
developedthisinformationcannow beautomatically

captured with high precisionfrom primarypublications,
especiallyif structurecauthoringtoolsarewidely used.

Unlike bioscientistavho developdata—andtext—mining
tools,conventionathemistsappearculturally moresuspicious
of roboticdataextractionandcontinueto rely on manually
curatedsecondanpublicationswhosephilosophyhasbarely
alteredover120years.Suchsourcesarenecessarilyncomplete
in time, coverageandcoverageof informationtypes.For
examplefor 99+%of all newly synthesisedompoundghe papers
reportthatInfra—redspectrehavebeenrecordedput at most

1% of thisis availablein electronicform. We arguethateven
modestimprovemenin sucha datacaptureratewould makean
enormougdlifference Moreoverthe datawould be of consistently
higherquality thanThemainchallengés cultural.Biosciences
andcrystallographyhavecommunallyconvincedauthorsand
publishersof thevalueof author—basedepositiornof data,
lateraggregateéh communallyaccessibl&atabanksThis
largelydoesnot currentlyhapperin chemistry where
informationis manuallyextractedrom the primarily

literature jealouslyguardedandsold backto the community.
Mechanismsuchas"supportingor supplementadlatadeposition”
arenotwidely used,andwhentheyare,little careis givento
enablingits re-use Regrettablyoneof themajorsecondary
publishershasrecentlycriticisedthe biosciencecommunityfor
aggregatinghemicaldata:

"It [PubChem]would notonly injure ussignificantly,it
would putinformationfor freein the handsof world
scientistaanddo it all with taxpayemmoney,"Massie[CEO,
CAS]said."For meto wakeup onemorningandfind | haveto
competavith myowngovernmenis extraordinary![2]

The attitudein chemistryto moderninformatics(XML,
ontologies RDF, text—-mining,metadataetc.] 3] is
largely apatheticwith somedata—or software—centric
organisationgctively opposingnteroperabilityfor commercial
reasonsThis problemextendgo mainstreanthemicalsoftware,
wherethereareno Openstandardsendwherealgorithmsare
closedandobscureWe havearguedthatthelargedata
aggregatorproducevendor—centri@ccessystemso meettheir
needgatherthanthe community’s.Anotherproblemis that
accesss oftenonly allowableon a per—itembasisratherthan
to thedatacollectionasawhole.This monopolistic'thought
control"in chemistrystiflesinnovationin data-ledscience.
Howeverthe Openg(Data,Source Access Standardsarechanging
the practiceof scientificinformaticsandchemistryis
startingto be affected.

We therefordook to bioscienceo takea leadin helping
realisethefollowing vision. We now believethatthereare
alreadyenoughOpentoolsandOpenresourcesvhich canmakethe
vision attractiveandcost—effective.



Results

A model for automatic capture of chemical information

Much chemicaldatais largely context—fredn thatit canbe
understoodindrecreatedndependentlyf thelocationor
motivation.The primarydatamodel,inspiredby Konrad
Beilsteinin the 19th century,hasthreecomponentscompound,
propertiesandcitations.A purecompounds describedy an
immutablestructuraformulaandhaspreciselyreproducible
propertiesCurrentthinking assertg¢hatthe biologicalaction

of acompounds, in principle,reproducibleandpredictablef
thesystemis carefullyenoughreplicatedandthe components
understoodThisis the centraldogmaof the chemically—based
pharmaceuticahdustryandthe chemicalinformationindustry
onwhichit relies.

Chemistryhasa traditionof ensuringguality through
reportingpropertiesandanalysis soeverynewcompoundand
manyre-synthesisednes)musthavepublishedmneasuremenisf
propertiedo justify theiridentity andpurity. Thesefacts
areavailable,in textform, in the primaryliteraturein which
overamillion newcompoundsrepublishedannually.Because
structurepredictspropertiesandbecause@rugdiscoveryis so
difficult, the pharmaceuticahdustrytestsmanycompoundgor
biologicalactivity. Thedatain thesepublic publicationss a
majorfeedstockfor the chemicalinformationindustry.

The chemicalbioscientishasalmostall of therequired
informationavailablein electronicform ontheirbenchtop
already!lt couldbe depositedor the scientificcommunity
with virtually no humanintervention We believethat, with the
helpof forwardlooking publishersaworking protocolcanbe
setupin biosciencewhichwill theninspire(or terrify)
mainstreanthemicalinformatics.Notethatmuchof the
informationcaptureds additionalto thatwhich the current
abstractersollect.

We arguethatthe key componentso automaticallycapture
chemicalinformationarealreadyin place(andarediscussedn
moredetailin anaccompanyindechnicalarticle). We envisage
thechemistrywhich canbe capturedusingsuchmechanisms
includes(a) ChemicalentitiesandnamesMany compound$ave
no explicit structuresandarementioneconly by nameor
identifiers.Wheretheserelateto specificcompoundst is
valuableto link themto a preciseidentification,suchas
PubChem(b) Molecularstructure expresse@dsa compositional
formula(e.g.CH30H for methanolandagraphical
structuralformula (2D diagram"or connectiortable).(c)
SpectraandphysicalpropertiesMuch suchinformationis
alreadyin digital form whenproducedy instrumentgwhose
manufacturerarestartingto createOpenapproachdd],

butis largelydestroyedy conventionapublishingprocesses.

If acommunity—widedigital templatefor the submissiorof this
informationwereavailableandencouragetby publisherst
would bewelcomedby many,would eliminateerrorsintroducedby
transcriptionandenablemachine-reviewin@f dataleadingto
ahigherstandaraf publisheddata.



Thebasisof our modelinvolvesconversiorof experimental
datato XML andits mergerwith theconventionatext (giving a
"datument[5]). Theauthorusesa authoringtool which
canmanagestructuredXML documentsandprovidenormaltextual
support(spellchecksetc.). Theresultingdatumentontains
fine—grainedmarkupof facts(moleculesmeasurements,
propertieschemicalnameskndcanautomaticallybe usedto
createderivativessuchasthe"full-text" or the"supplemental
data".The completedatumentjf Open,or the"data"if notis
thenrepositedor furtherharvestingAll compound/property
datais availablefor dataminingandcomputationafe—use(e.g.
for furtherin silico prediction.

Realising the vision

Data repositing and Maintenance

The currentdisseminatiorof datathroughpublisherss
largelyunsatisfactorySome suchasthe Internationalnion

of Crystallographyarecommitted;othersin the biosciences
seethevalueof semanticallyenhancedlata.Many publishers
allow thedepositionof factual"supplementargata"but our
experiencavith mostis thatit is anunwelcomechore,poorly
resourcecindmaintainedMoreoveralthoughreviewersareoften
dowhattheycanto validatedata,publisherghemselveslo

not. We believethatmanypublishersvould welcomea model
wheretheywereno longerinvolvedin datarepositing.The
crystallographiexperiencéasshownthatexpertcomputer
programsanactaspowerfulreviewerscomplementinghe human;
automaticcurationenhancesatherthanlowers,data

quality.

Ourmodelis basedn theavailability of repositories,

primarily Institutional ,thatacceptdataaswell asfull text.
Already someacademidnstitutionsandanincreasingiumberof
fundersmandatehatresearctoutputshouldberepositedand
therearenationalinitiativesto developtheinfrastructure.
Thestoraggor XML-ised chemicaldatais modest(lessthanl
mbyteper publication)andwe haveshownthatlargenumbersof
moleculescanbe depositedn our own institutionalrepository6]
andrecoveredy undirectedsearchenginessuchasGoogle[7]
Chemicaldatahasrequiredno semantianaintenancée.g.
throughchangesn meaningor use)overmanydecadegndwe see
this continuing,sothatthe maintenanceostsarethose
generako anyrepository.

Componentsn arepositoryhavea uniquehandlewith which,
in principle,a Digital objector otheridentifier (DOI)[8] can
beassociatedothatdatacanbe clonedfor accessand
preservationThe handleor DOI would be publishedn the"full
text" andwould bind the datato it moreeffectivelythatat
presentandhopefullyindefinitely.



Metadata

ThroughInChl[8] anda controlledvocabularyof
chemicalpropertiesgenericsearchengineanachieveavery
high degreeof recall. Themeanghatdiscoveryandaggregation
arebuilt on maintenance—fregenerictechnologyandcanbe
madecompletelyautomatic Conventionalistsvill arguethat
humancurationis essentiafor re—usableehemicaldata.ln
similar veinto muchbioinformaticswe arguethatrobotscan
discoverpatterndn data,compoundsndauthorswhich areat
leastaspowerfulasmanycurrentabstractingservicesWhere
humanevaluationis critical (e.g.in humanmedicine patents,
etc.)thentherobotswill providetheprimaryresourcesn
which ajudgementanbebased.

Rights

We assumehatmostbioscienceauthorsandpublisherswill
agreethatwhetheror nota paperis OpenAccesghefacts(and
therebyall "supplementatiata”)thereinarenot copyrightable.
XML resolvedifferenceof interpretatiorin thatall XML
markupis regardedasidentifyingfactualinformationand
consistentvith re—useunder(say)the BudapesOpenAccess
Initiative. In thisway all publishedchemicaldatacanbe made
immediately completelyandclearlyavailablefor indefinite
scientificre—use.

Potential

Becauseéhe chemicalinformationis structuredve now havea
biocheminformaticScycle" where for thefirst time,large
scaleroboticdataanalysiscantakeplace.The datain the
researcl{laboratoryn silico, or both)arepublished
in alosslesgnannerMoleculesandtheir propertieshave
unigueidentifiersasdescribedaboveandcanbeintegrated
into mainstreanbioinformaticsin the samemanneras
collectionssuchasPubChemMSD (at EBI), KEGG, etc. Theywill
bringthe addedvalueof consistentlycapturedoropertydata
andspectraWe alsoexpectthatmany in silico
propertieswill thenbe systematicallyadded.

Author and publisher compliance

Theintroductionof structuredauthoringtools(e.g.

Publicon}9] will helpthis processonsiderably.
Templatesanbe createdor the chemicalcomponentslescribed
aboveandwheretheinformationexistsin XML (connection
tables spectraproperties)t shouldbe aseasyasfor
committedauthorsasusinga semanticallyvoid tool (e.g.

Word). Whereinformationneedgo be convertedrom legacy
formatswe havecreatedOpenWeb Serviceswhich publishergand
authors)may cloneandcustomiseWe expectauthorgo havea
greateiincentive(evenif only throughmandation}o reposit
dataandto disseminateesearcHindings. This alsoraiseshe
vision of changingthe"citation economy'(which valuesmarket
perception}o a'"reuseeconomy'whereathedatain a paper
arevaluedby how oftentheyarere—-used.
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