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Abstract

Information Extraction (IE), de ned as
the actvity to extract structuredknowl-

edgefrom unstructuredext sources,of-

fersnew opportunitiedor the exploitation

of biologicalinformationcontainedn the
vastamountsof scienti c literature. But

while IE technologyhasrecevedincreas-
ing attentionin the areaof molecularbi-

ology, there have not beenmary exam-
plesof IE systemssuccessfullydeploed

in end-userapplications. We describe
thedevelopmenif PASTAWeb,a WWW-

basednterfaceto the extractionoutputof

PASTA, anlE systemthatextractsprotein
structurenformationfrom MEDLINE ab-

stracts Key characteristicef PASTAWeb
aretheseamlestegrationof the PASTA

extractionresults(templatesyvith WWW-

basedechnologythe dynamicgeneration
of WWW contentfrom “static' dataand
the fusion of information extractedfrom

multiple documents.

1 Intr oduction

Therapidly growing volume of scienti ¢ literature,
a by-productof intensve researchn molecularbi-
ology andbioinformatics,necessitatesf cient and
effective information accessto the publishedtext
sources.Informationretrieval (IR) techniquesem-
ployed in WWW interfacessuch as PubMedand
Entrez are very useful in browsing bibliographic
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databasesnd in facilitating the linking between
protein or genome sequencesand related refer
ences. But the jobs of automaticallylocating and
extracting speci ¢ informationwithin the texts re-
guiremorespecialisedNaturalLanguagdrocessing
(NLP) techniqguesandhave beenthe objectof work
in informationextraction(IE) or text mining((Cowie
andLehnert,1996)).

While currentwork on IE in biology hasconcen-
trated by and large on the re nement of IE tech-
niquesand improving their accurayg, the incorpo-
ration of an IE systems$ outputinto effective inter
facesthat genuinelyassistthe biological researcher
in his/herwork is equallyimportant,and hasbeen
neglectedto date. Of courseimproving IE tech-
nigues,their accurag andcross-domairportability
areimportantresearclobjectvesfor languagdech-
nology researchers.But given that the techniques
will remainimperfectfor the foreseeabléuture,we
mustalsoaskhow biologistscanbene t todayfrom
thelimited capabilitiesof existing IE technology

In this paperwe describean approachto pro-
viding effective accesdo the resultsof the Protein
Active Site TemplateAcquisition (PASTA) system
(Humphres et al., 2000; Demetriouet al., 2002),
an I[E systemthat extractsinformationaboutamino
acidresiduedn proteinstructuresandtheir rolesin
protein actve sitesdirectly from the publishedlit-
erature. To experimentwith a mechanisnfor de-
livering PASTA resultsto biologist end-userswe
have developedthe PASTAWebinterface,a WWW-
basednterfacethatofferssearchandbrowsingfacil-
ities to the extractedprotein structureinformation,
aswell asto the original text sourcesMEDLINE



abstracts) PASTAWebprovidestransparentext ac-
cessandadwancednavigation capabilitiesto enable
usersto track and display the relevant information
from text to text. The PASTAWebfacilities enable
usersto nd answergo implicit questionssuchas
Whatare the importantresiduedor trypsin? or Is

serinefoundin the active site of amylase?andto

trackthe o w of informationfor speci ¢ classeof

biological entities(residuesproteins,speciesfrom

text to text.

Given the performancdimitations of currentlE
technologyit is to be expectedthatsomeof the ex-
tractedinformation may only be partially correct,
missingor spurious.The PASTAWebinterfacecom-
pensatedor the loss of information by supporting
rapid,easyveri cation by scientistof the extracted
informationagainsthe sourcetexts.

2 |E andits Application to Biomedical
Texts

Perhaps not surprisingly the identi cation of
biomedicaltermsin scienti ¢ texts hasprovedto be
the easiesextractiontaskandhasdemonstratedc-
ceptabldevels of performancenottoo far from the
bestresultsachieved in the NE task in the MUC
competitions,despitedifferencesbetweenthe do-
mains(i.e. namesof personsprganisationgetc. in
MUC vs. termsidentifying proteins,genes,drugs
etc. in biomedicaldomains). The techniquesused
for this taskvary from rule-basednethodgFukuda
etal., 1998; Humphregs et al., 2000), to statistical
methods(Collier et al., 2000) and statistical-rule-
basechybrids(Prouxetal., 1998).

More comple IE tasksinvolving the extraction
of relationalinformation have alsobeenaddressed
by the bioinformaticscommunity Theseinclude
proteinor geneinteractiongSekimizuet al., 1998;
Thomaset al., 2000; Pustejosky et al., 2002),
relations betweengenesand drugs (Rind esh et
al., 2000)andidenti cation of metabolicpathways
(Humphres et al., 2000). The rangeof techniques
usedin thesesystemsvaries considerably but in
mostcasegequiresthe applicationof moresophis-
ticatedNLP methodsincluding part-of-speechag-
ging, phrasabr syntactigparsingand(for somesys-
tems)semanti@analysisanddiscoursgrocessing.

To datelE researcheraorking onbiologicaltexts

have concentratedn building or portingsystemgo
work in biological domains. This paperaddresses
theissueof utilising thelE results,after describing,
in thenext sectiontheunderlyingPASTA extraction
system-whatit is designedo extract,how it works,
andhow well it faresin blind evaluationusingcon-
ventionalevaluationmetrics.

<RESIDUE-134> =
NAME: SERINE NO: 87
SITE/FUNCTION: “catalytic"
"calcium-binding"
"active-site"
SEC_STRUCT: "helical"
QUAT_STRUCT: <not
REGION: "lid"
INTERACTION: <not

specified>
specified>

<IN_PROTEIN> :=
RESIDUE: <RESIDUE-134>
PROTEIN: <PROTEIN-2>

<IN_SPECIES> :=
PROTEIN: <PROTEIN-2>
SPECIES: <SPECIES-5>

<PROTEIN-2> :=

NAME: "triacylglycerol lipase"

<SPECIES-5> :=
NAME: "Pseudomonas cepacia”

Figurel: PASTA templateexample

3 The PASTA System

The overall aim of the PASTA systemis to extract
information aboutthe roles of residuesin protein
molecules,speci cally to assistin identifying ac-
tive sitesandbinding sites. We do not describethe
systemin greatdetail here asthis is describeclse-
where(Demetriouetal., 2002).

3.1 PASTA Extraction Tasks
3.1.1 Terminological Tagging

A key componenbf PASTA, andof variousother
IE system®peratingn thebiomedicaldomainis the
identi cation andclassi cationof textual references
(terms)to key entity typesin the domain. We have
identi ed 12 signi cant classesof technicalterms
in the PASTA domain: protein, species,residue
site region, secondarystructue, supesecondary



structue, quaternary structue, base atom (ele-
ment), non-potein compoundjnteraction Guide-
lines de ning the scopeof the term classeswere
written, andan SGML-basednarkupschemespec-
ied to allow instancesof the term classesto be
taggedn texts.

3.1.2 PASTA TemplateFilling Tasks

The PASTA templateconformsto the MUC tem-
platespeci cationandis objectoriented Slot llers
are of threetypes: (1) string Il — a string excised
directlyfromthetext (e.g.Pseudomonas cepa-
cia ); (2)setll —anormalisedorm selectedroma
prede nedset(e.g.theexpressionser orserine
aremappedo SERINE, oneof a setof normalised
forms that representhe 20 standardamino acids);
(3) pointer Il —apointerto anothetemplateobject,
usede.g.,for indicatingrelationsbetweerobjects.

To meet the objectves of PASTA, three tem-
plateelementandtwo templaterelationswereiden-
tied. The elementsare RESIDUE PROTEIN
andSPECIES; thetwo relationsareIN _.PROTEIN
holding betweena residueandthe proteinin which
it occursandIN _SPECIES, holdingbetweerapro-
teinandthe speciesn whichit occurs.

An example of a templateproducedby PASTA
for a Medlineabstracis shavn in Figure 1, which
illustratesthe three template elementobjects and
two templaterelationobjects. As canbe seenfrom
the gure, the <RESIDUE> templateobject con-
tains slots for the residuename and the residue
numberin the sequencéNQ. Secondaryand qua-
ternary structuralarrangement®f the part of the
structurein which the residueis found are stored
in the SECSTRUCTand QUATSTRUCTslots re-
spectvely. TheSITE/FUNCTION slotis lled with
widely recognizabledescriptionsthat indicate that
thisresiduds importantfor thestructures activation
(e.g. active-site ) or functionalcharacteristics
(e.g. catalytic ). The REGIONsIlot is about
themoregeneralgeographicahreasf the structure
(e.g.lid )inwhichthis particularresidues founcf.
TheINTERACTIONSIotcapturesextual references
to hydrogenbonds,disulphidebondsor othertypes
of atomiccontacts.At this point the only attributes

1The term class annotation guidelines are available at:
http://www.dcs.shef.ac.uk/nlp/pasta .
2A residuemaybelongto morethanoneregion

extractedfor protein and speciesobjectsare their
names.

3.2 SystemAr chitecture

The PASTA system has been adaptedfrom an
IE systemcalled LaSIE (Large Scale Information
Extraction),originally developedfor participationin

the MUC competitions(Humphrgs et al., 1998).
The PASTA systemis a pipelineof processingom-
ponentghatperformthefollowing majortasks:text

preprocessingterminologicalprocessingsyntactic
andsemanticanalysisdiscourseanterpretationand
templateextraction.

Text Preprocessing Thetext preprocessinghase
aimsat low-level text processingasksincludingthe
analysisof the structureof the MEDLINE abstracts
in terms of separatesections(e.g. the title, au-
thor namesabstracetc.),tokenisationandsentence
boundaryidenti cation. With respectto tokenisa-
tion, tokensareidenti ed atthesubwordlevel result-
ing in the splitting of biochemicalcompounderms
into their constituentswhich needto be matched
separatelyduring the lexical lookup phase.For ex-
ample,the term Cys128 is split to the three-letter
residueabbreiation Cys andthenumerall28.

Terminological Processing The aim of the 3-
stageterminologicalprocessinghases to identify
and correctly classify instancesf the term classes
describedabove in section3.1.1. During the mor
pholayical analysisstagendividual tokensareanal-
ysedto seeif they containinterestingbiochemical
afx essuchas-ase or-in thatindicatecandidate
proteinnamegespecirely.

During thelexical lookupstagethe previously to-
kenisedterms are matchedagainstterminological
lexicons which have beencompiledfrom biologi-
cal databasesuchas CATH® and SCOP andhave
been augmentedwith terms producedby corpus
processingechniqguegDemetriouand Gaizauskas,
2000). Additional subcatgorisationinformationis
providedfor multi-tokentermsby splitting theterms
into their constituentsand placing the constituents
into subclassewhosecombinatioris determinedy
grammarrules.

3http://mwwbiochem.ucl.ac.uk/bsm/cath/indetm|
“http://scop.mrc-Imizam.ac.uk/scop/



Development Interannotator Blind
Recall Precision| Recall Precision| Recall Precision
Terminologyrecognition 88 94 92 86 82 84
Templateextraction 69 79 78 80 69 64

Tablel: Summaryevaluationresultsfor termrecognition/classi catin andtemplateextraction.

Finally, in a terminolayy parsing stage,a rule-
basedparseris usedto analysethe tokenisationin-
formationandthemorphologicakndlexical proper
tiesof componentermsandto combinetheminto a
singlemulti-token unit.

Syntactic and Semantic Processing Termsclas-
si ed during the previous stageqproteins,species,
residuesetc.) are passedo the syntacticprocess-
ing modulesasnon-decomposabl@munphrasegnd
a part-of-speechaggerassignssyntacticlabelsto
the remainingtext tokens. With the applicationof
phrasalgrammarrules,the phrasestructureof each
sentencés derivedandthisis usedto build aseman-
tic representatiomia compositionakemantiaules.

Discourse Processing During the discoursepro-
cessingstage,the semanticrepresentatiorof each
sentenceis addedto a prede ned domain model
which provides a conceptualisatiorof the knowl-
edgeof thedomain. The domainmodelconsistsof
aconceptierarchy(ontology)togethemith inheri-
tablepropertiesandinferencerulesfor theconcepts.
Instance®of conceptsaaregraduallyaddedto the hi-
erarchyin orderto constructa completediscouse
modelof theinputtext.

Template Extraction A templatewriting module
scanghe nal discoursenodelfor ary instanceshat
arerelevantto thetemplatelling task,ensuregshat
it hasall necessarynformationto generatea tem-
plateand Il its slots,andthenformatsandoutputs
thetemplates.

3.3 Developmentand Evaluation

Following standardE systemdevelopmentmethod-
ology, a corpusof texts relevant to the study of

protein structurewas assembled.The corpuscon-
sistsof 1513Medlineabstractérom 20 majorscien-
ti ¢ journalsthatpublishnevw macromoleculastruc-
tures.Of theseabstracts]113weremanuallytagged
for the 12 termclassesnentionedabore and55 had

associatedemplateslled manually Theseanno-
tateddataweredividedinto distincttrainingandtest
sets.

The corpusandannotatediataassistedn there-
nementof theextractiontaskde nitions, supported
systemdevelopmentandpermitted nal blind eval-
uationof the system. Detailedresultsof the evalu-
ation, for eachterm class,andfor eachslot in the
templatescanbe foundin Demetriouetal. (2002.
In Tablel we presenthe summarytotalsfor thede-
velopmentcorpus,the unseennal evaluationcor
pus(Blind) andthehumaninterannotatoagreement
whereoneannotatois takento bethegold standard
andtheotherscoredagainshim/her Theevaluation
metricsare the well knovn measuref precision
andrecall.

4 The PastaWeb Interface

The PASTAWeb interface is aimed at providing
quick accessand navigation facilities through the
databas®f the PASTA taggedtexts andtheir asso-
ciated templates. PASTAWeb has borroved ideas
from the interface componentof the TRESTLE?
systemGaizauskastal. (2001 developedto sup-
port informationworkersin the pharmaceuticain-
dustry Key characteristicof PASTAWeDb are the
seamlesintegrationbetweenthe PASTA IE results
andWWW-basedrawsingtechnologythedynamic
generationof WWW pagesfrom “static” content
andthefusionof informationrelatingto proteinsand
aminoacidresiduesvhenfoundin differentsources.

4.1 PASTAWeb Ar chitecture
The PASTAWebarchitecturas illustratedin Fig 2.

SAccessiblathttp://www.gate.ac.uk/cgi-bin/
pasta.cgi?source=start or
the PASTA project home
http://www.dcs.shef.ac.uk/nlp/pasta/

®TRESTLE:Text Retrieval Extraction and Summarisation
Technologiedor large Enterprises

via
page at
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Initially, MEDLINE abstractarefed throughthe
PASTA IE systemwhich produceswo kindsof out-
put: (i) texts annotatedvith SGML tagsdescribing
termclassinformationfor protein,residuesspecies,
regions, and (ii) templateswhich are usedas the
main storesof informationaboutresiduesncluding
relationalinformationbetweerproteinsandresidues
andbetweermproteinsandspecies.

OncePASTA hasrun, aseparaténdexing process
createghreeindices. The rst associatesvith each
processedocumentheterminologytaggedversion
of thetext andary templatesxtractedfrom thetext.
The secondis a relationaltable betweeneachdoc-
umentand eachof the instancesf the main term
classegi.e. proteins residuesr speciesnentioned
in the document.This index alsopointsto the title
of the documentpecausdhettitle canprovide vital
cluesaboutthe contentof thetext.

The nal index is usedto assistthe “fusion' of
the informationin templategyeneratedrom multi-
ple texts for the sameprotein. This index provides
informationaboutthoseproteinsfor which thereare
templateggeneratedrom multiple documentsDue
to variationsin the expressionof the sameprotein
namefrom text to text, the identi cation of suit-
able templatesfor fusionis not trivial. The prob-
lem of matchingvariant expressionsof the same
term in different databasess a well known prob-
lem in bioinformatics. The currentimplementation
of the indexing addresseshis problemusing sim-
ple heuristicrules. Simply put, two templatesare
consideredsuitablefor fusionif the proteinnames
either match exactly (ignoring casesensitvity) or
they include the same“headterm”. The applica-
bility of the heuristicfor nding a “headterm” is
limited to constituentermsendingin -ase or -in
(to excludecommonwords,suchas“protein”, “do-
main” etc.). For example,the proteinterms*“scor
pion toxin”, “diphtheriatoxin” and“toxins” would
matchwith eachotherbecausehey all includethe
headterm*“toxin”. Consequentlythecorresponding
templatenformationabouttheresidue®ccurringin
theseproteinswould be melgedinto a singletable,
thoughinformation aboutwhich slot llers belong
to whichtermvariantis retained.

Thedecisionto do the matchingof variantnames
at the index level and not at the interface level is
simply dueto operationaissues.Matchingthe pro-

tein namesfrom multiple texts involves the pair
wise string comparisondetweerall proteinsin the
PASTA templates. The numberof thesecompar
isonsincreasesrery rapidly asnew texts andtem-
platesare addedto the databaseand it was found
thatis causesonsiderablelelayto the operationof
the PASTAWebinterface.
Sinceinformationseekingtasksof molecularbi-
ologists may require complex navigation capabil-
ities, the storing of the resultsin “static” HTML
pageswould have beenunsuitableboth practically
(moredif cult to implementpointersbetweendif-
ferentpiecesof informationandto alter and main-
tain pages)and economically(requiresmore disk
space).We thereforeoptedfor a dynamicpagecre-
atorthatis triggeredby theusers'request&xpressed
aschoicesover hypertet links. The dynamicpage
creatorcompilesthe information from the indices
and the associatedlatabasegtexts and templates)
and sendsthe resultsto the WWW browser via a
Websener. In thedynamicallycreatedpagesgeach
hypertet link encodeghe currentframe,the infor-
mation to be displayedwhen the link is selected,
andtheframein which thisinformationis to bedis-
played. For example,the hypertet link for a title
of adocumenencodesnformationaboutthe docu-
mentid of the documentaswell asaboutthe target
framein which the text will be displayed. Click-
ing on this link expresses requestto PASTAWeb
for displayingthatparticulartext in thetargetframe.
The whole operationof PASTAWeblooselyresem-
blestheoperationof a nite-state automaton.

4.2

PASTAWeb offers a number of ways of access-
ing the protein structureinformation extracted by
PASTA. As shawvn in Fig 3 theinterfacelayoutcan
be split into four main areas(frames). On the left
sideof the pagewe nd the“AccessFrame”which
allowstheuserto selectamongstext acces®ptions.
Theseoptionsinclude browsing the contentsof the
text databasesia eitherthe protein, the residueor
the speciedndicesor via a text searchoption over
theseindexedterms.

The right hand side of the screenis split into
three frames. The top frame, so called “Header
Frame”(sed-ig 3), is usedto generatanalphabeti-
calindex for proteinor speciesiamesvheneer the

Interface Overview



userhaschoserthe proteinor speciesaccessnodes
for navigation. For residuesratherthananalphabet-
ical index, alist of residuenamess displayedn the

“HeaderFrame”. Thisis becausavhile the number
of proteinnamesandtheirvariantsis probablyinde-

terminablethenumberof residuesemainsconstant
(i.e the 20 standardaminoacids).

Justbelov the“HeaderFrame”is the “Document
Index Frame” which initially senesto displaythe
automaticallygeneratedndicestogethemwith docu-
mentinformation. The “Index Frame”is split into
two columns the left of which is usedto presentan
alphabeticallysortediist of the chosenype of index
(i.e. protein, residue,species). The right column
occupiesmore spacebecausat displaysthe list of
correspondinglocumenttitles (as extractedby the
PASTA IE system). Thesetitles are presentecas
clickable hyperlinksto the full texts eachof which
canbedisplayedn the“TaggedTlext Frame”below.

A seconduseof the“Index Frame”is for display-
ing templateresults explainedin moredetailbelow.

4.3 Term Accesdo Texts

A typical interactionsessionwith PASTAWeb re-
quiresthe userto selectoneof the threeterm cate-
goriesin the“AccessFrame”,i.e. proteinsresidues
or species.The“HeaderFrame”thendisplaysa list
of alphabeticalndices(for proteinsandspecies)pr
a list of residuenames. Selectingary of thesein-
dices,e.g. “M” for proteins,activatesthe dynamic
generatiorof alist of proteintermsthatareindexed
by “M” (ontheleft) of the“Index Frame”andtheir
correspondinglocumentitles (ontheright). Differ-
entfont coloursareusedto distinguishbetweerthe
two differentkinds of information.

The selectionof ary of the title links causeghe
systento dynamicallytransformthe PASTA-tagged
text from SGML to HTML anddisplayit in thebot-
tom “TaggedText Frame”with therecognisederm
typeshighlightedin differentcolours.Thecolourin-
dex for thetermcateyoriescanbeviewedin aframe
just belav the “AccessFrame” (the “Colour Index
Frame”). Eachtaggedprotein, speciesor residue
termis itself a hyperlink which canbe usedto dy-
namicallyfetchtheindicesof thetextsin which this
termoccursanddisplaythemin the“Index Frame”.

Using this functionality the user can navigate
throughasuccessioof textsfollowing asingleterm

or at ary point branchingoff this chain by select-
ing anothetermandfollowing its occurrences the
text collection.

4.4 Web-basedAccesso Templates

Unfortunately althoughthe type of object-oriented
templateproducedby PASTA (Fig 1) is anef cient
datastructurefor storingcomplex information, it is
not suitablefor displayingto end-users. For this
reasonthe templatesare dynamicallycorvertedto
a format that can be readily accommodatedo the
screers layout while being at the sametime eas-
ily accessibleTheformatchoserfor displayingthe
PASTA templatess tatular andis implementedas
anHTML table(seebackgroundgicturein Fig 3).

Accessto the templatesproducedby PASTA is
facilitated by specialtemplate“icons” or “ ags”
which are displayednext to text titles or protein
termsin the“Index Frame”.

Whena*“single” templateiconis displayedo the
right of atitle, this senesto ag thatatemplatefor
this text is available and canbe accessedby click-
ing ontheicon. Ontheotherhand whena“double”
templateiconis displayednext to a proteinnamein
theleft columnof the “index frame”, this indicates
thattherearemultiple templateqi.e. templatesex-
tractedfrom differenttexts) for this protein. Click-
ing on eitherof theseiconswill trigger PASTAWeb
to scanthecorrespondingbject-orientedemplates,
analysetheir structuresand cornvert theminto tab-
ular format. In the caseof fusedtemplateshe in-
formationis assimilatednto a singletemplate.The
templatenformationis thendisplayedn the“Index
Frame”togethera hyperlinkto thetitle of theorigi-
nal text which, whenselecteddisplaysthe (tagged)
text in the “TaggedText Frame”. This enableshe
userto retrieve moredetailedinformationfrom the
text if neededpr to inspectand verify the correct-
nessof theextractedinformation.

PASTAWeboffersasimpleandeasyto usemech-
anismfor the trackingof informationfor a speci c
entity from text to text, but can also assistin the
linking of information betweendifferententitiesin
multiple documents. Startingwith a speci c pro-
teinin mind for example,a molecularmiologistmay
want to investigatestructural similarities between
thatandotherproteinswith respecto whathasbeen
describedn theliterature.



5 Conclusionsand Futur e Work

We have describedPASTAWeb, a prototypeWeb-
basednterfaceto the IE resultsof the PASTA sys-
tem. Scientistdn the areaof molecularbiology can
bene t from the novel navigation and information
tracking capabilitiesof PASTAWebanduseit asa
tool for fastaccesgo specialisednformation.

G. Demetriouand R. Gaizauskas. 2000. Automat-
ically augmentingterminological lexicons from un-
taggedext. In Proc.ofthe2ndint. Conf onLanguaje
ResoucesandEvaluation(LREC-2000)pp.861-867,
Athens,May-June.

G. Demetriou,R. GaizauskasP. Artymiuk, and P. Wil-
lett. 2002. Proteinstructuresandinformationextrac-
tion from biologicaltexts: The PASTA system.Bioin-
formatics Acceptedor publication.

At thetime of writing, the databas@f processed K. Fukuda, T. Tsunoda, A. Tamura, and T. Takagi.

texts accessibléehroughPASTAWebis rathersmall

(975texts in total). Therateat which new articles
appearon MEDLINE andthe limited resourcesle-
votedto PASTA male it prohibitive to develop and
maintainfor PASTAWebatext databasef sizecom-
parabletco MEDLINE. NeverthelessPASTAWebof-

fers the core technologyfor the developmentof a
fully automatedE systemwhoseinputcanbebased
on automatedupdates(“autoalerts”) from MED-

LINE without humanintervention. Currentwork

concentrate®n the developmentof suchan auto-
matedsoftwarecomponentndon the feasibility of

expandingthe systems navigationcapabilitiego al-

low usersto link togetherinformation provided by

PASTAWeb andby relatedseners suchasthe Pro-
tein DataBankor SWISSPRT.

Finally, the utility of an interface such as
PASTAWebcanonly betruly assessebly userevalu-
ation. Usability evaluationshouldbe carriedout us-
ing bothqualitatve andquantitatve methodsQual-
itative evaluationshouldbeusedto review theusers'
perceptionsaboutthe design,their preferredstrate-
giesfor accessingnformationandwhetherthey nd
the systemeasyto use and useful for performing
their tasks. Quantitatve evaluationshouldfocuson
measuresf actiity time, ef ciency in trackingrele-
vantinformationandon analysingheeffect“noise”
in the IE resultshason usersatishction. However,
while this evaluationremaingo bedone ,we believe
thatthework presentedhereprovidesconcretecon-
structve ideasabouthow to effectively utilise the
outputof IE systemsn the biology domain.
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