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Directvisualizationof dockingof the hairpinribozyme-substrate
complex by atomicforce microscoy

MichaelJ. Fay, Nils G. WalterandJohnM. Burke
Dept. of Microbiology andMolecularGeneticsandthe Markey Centerfor MolecularGenetics,
Universityof Vermont,Burlington, VT 05405

Thehairpinribozymeis afifty nucleotidecatalyticRNA, derivedfrom thesatellite
RNA of tobaccoringspotvirus. As a site-specificRNA endonucleasghe 5 and3’
cleavageproductshave 2'-3' cyclic phosphateand5’ hydroxyl termini, respectiely.
Thereactionmechanisnis yetto befully defined,andthethreedimensionaktructure
is unknawvn. However, it is known thatspecificinteractiondetweenpr dockingof, the
two internalloop domainsof theribozyme-substrateomplex is essentiafor substrate
cleavage.

In recentyears,atomicforce microscoy (AFM) hasbeeneffectively utilized to
imagebiological moleculesn aqueousouffers. TappingmodeAFM obtainsdataby
making a rasterscanof a surface,recordingthe heightdeflectionof the probeupon
contactwith an objectimmobilized on the surface. The collecteddataare usedto
composea contourplot of the scannedareathat may, for example,consistof small
nucleicacidsboundto atomicallyflat, freshly cleaved mica. Here,we describethe
optimizationof imagingbuffer andsamplepreparatiorfor visualizationof individual
hairpinribozyme-substrateompleesin solution. With theseconditions we have ac-
quiredimageswvhichshaw it is possibleto directly obsere structuralchangedetween
inactive andactive variantsof this relatively smallcatalyticRNA molecule.
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Dynamicsof metalion bindingsitesin a catalyticRNA

ThomasHermannandDinshav J. Patel
Memorial Sloan-KetteringCancerCenter New York

RNA three-dimensionastructurescontainmetal cationsasintrinsic components
which stabilizethe folding of the negatvely chaged sugarphosphateéackboneand
participaten thechemistryof RNA function. We have recentlydevelopeda prediction
methodbasedon Brownian dynamics(BD) simulationsof cationdiffusionto calcu-
late electrongative pocketsin RNA folds [1]. The predictionalgorithmexhaustve-
ly explorespotentialmetalion binding sites,reproducingthe positionsof metalions
in crystal structuresandrevealing previously unknavn cationbinding sitesin RNA
three-dimensionastructures. We have useda combinationof moleculardynamics
(MD) simulationsunderrealisticsolventconditionsandBD simulationsof cationdif-
fusionin orderto studythe dynamicsof metalion bindingsitesin thelead-dependent
ribozyme. Solution conformationsof the catalyticRNA were obtainedby MD sim-
ulationsstartingfrom the crystal structureof the catalyticRNA [2]. BD simulations
performedon succeedingonformersreveal the dynamicsof electrongative poclets
in theRNA fold. Consequencdsr metalion bindingandimplicationsonthecatalysis
of theribozymewill bediscussed.

[1] HermanmandWesthof,Sructure, 6, 1303(1998).
[2] WedekindandMcKay, Nature Sructural Biology, 6,261 (1999).
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StemTrace: A GUI-basedool for anexploratoryRNA structure
analysis

WojciechKasprzak andBruceShapird
! IntramuralResearcltsupportProgram SAIC-Frederick NCI-FCRDC
2 Laboratoryof ExperimentaandComputationaBiology, NIH, NCI-FCRDC

StemTraceis an importantsoftware tool developedfor STRUCTURELAB, an
RNA structureanalysiscomputerworkbench. It providesthe capabilityto analyzea
databasef alarge numberof computationallygeneratedtructureconformationsn a
novel, visually driven,andexploratoryway.

StemTraceis essentiallya two-dimensionaplot of all uniquehelical stemsfrom
a solution spaceof structureconformationsof a given sequencepresentingan or-
thogonalview to the usually emplo/ed stem histograms(dot-matrices). Displayed
informationis colorcodedto reflectcumulative frequeng of occurrenceor the stem
enegy, andit retainsan explicit depictionof all theindividual conformationsusedas
inputsto it. Besidesproviding a visualrepresentationf a solutionspacefor anRNA
sequenceStemTraceis alsoan active graphicaluserinterface(GUI) to the underly-
ing data. A setof functionsassociateavith every traceperformssearchingsorting,
scaling,thresholdingand, throughconnectionswith other STRUCTURELAB tools,
drawing andlabelingof structuredasedon the dataextractedfrom a specifictrace.

Thegenericnatureof sucha datapresentatioparadigmhasallowed usto develop
StemTraceinto ananalysidool capableof dealingwith arangeof RNA andDNA fold-
ing datafor singleandmultiple sequenceghusintroducingsomephylogenetianaly-
siselementsA separateetof functionsis devotedto dealingwith sequence/structure
alignmentandstructuralmotif searchandanalysis.

Thetool hasprovenvery usefulin theanalysisof thesolutionspace®f the Genetic
Algorithm andthe DynamicProgrammingAlgorithm (suchasMFOLD) for bothRNA
andDNA sequencesin its multi-sequencenodeit hasyieldedclearvisualizationof
structurepreserationin asetof HIV andSIV strains.
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Modelling the structureof anRNA dimerusingMc-Sym

Tony Kusalik
Departmenbf ComputerScienceUniversity of Saskatchean

Mc-Symis asystendevelopedattheUniversié deMontréalfor modelingandpre-
dictingthe 3D structureof RNA. Thesystemis basedn a constrainsatisactionalgo-
rithm, andallows useof secondargtructureandlow-resolutiondataasinput. Mc-Sym
hassuccessfullygenerate®D structuresor portionsof moleculesandwhole single
molecules.More recently it hasbeenappliedto modelingthe structureof multimers.
This presentatiordescribesone sucheffort: modelingthe structureof the proposed
dimer for inactve E. Coli tRNA-Glu. Inferring the structureof the dimer required
a modelingmethodologydifferentfrom that normally usedwith Mc-Sym. The new
methodologyfollows a cyclic approachwherestructuresarebuilt usingpre-screened
substructureffom apreviouscycle. This presentationiescribesheneny methodology
aswell astheresultsobtainedfor tRNA-Glu to date.
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Quantitatve analysisof nitrogenbasespatialrelationsin RNA
three-dimensionatructures

Sébastieremieux,Patrick GendronandFranmis Major
Universié de Montréal, Dept. d'informatiqueet Recherchépérationelle Montréal, Québec,
Canada

PROBLEM: The higherorder structureof RNA can be representedby a set of
chemicalinteractionsamongtheir nucleotides suchas nitrogenbasepairing and s-
tacking[1]. Quantitatve studiesof nitrogenbasespatialrelationshave applications
in RNA 3-D motif identification,in the definition of RNA 3-D conformationakearch
spacesandin theevaluationof theamountof structuralinformationpresenin thecur
rently available 3-D structures However, no objective methodexistedfor objectively
studyingnitrogenbasespatialrelations.

METHOD: We developeda procedurghat, giventhe atomiccoordinate®f a pair
of nitrogen bases specifically identifiesits type of spatialrelation. Homogeneous
transformatiormatriceswereusedto encodespatialrelations.The similarity between
two spatialrelationsis assessedsinga distancemetric that counterbalancéhe rota-
tion andtranslationin the context of nitrogenbases. From the distancemetric, we
definedthe peculiarity of a given spatialrelationto a setof spatialrelations. Finally,
we developeda computemprogramthatrapidly analyzeghe spatialrelationsin a RNA
3-D structurewhichin particularidentifiesunusualbnes.

RESULTS: We extracted,classifiedandstoredin a databasehe spatialrelations
of all 3-D structuregnadeavailableto us. For eachtype of spatialrelation,anordered
list of homogeneougansformatiormatriceswasassignedyhich canbe usedfor its
conformationabampling.We analyzedhe RNA-binding domainof ribosomalprotein
L11 [2], andfound thatits mostpeculiarspatialrelationsare locatedin the regions
wherethe RNA directly interactswith the protein. An estimateof the "completeness”
of the current3-D structuredatabasevasmade.

[1] F. Major etal. (1991)cience, 253:1255-1260.
[2] G.L. Connetal. (1999)<cience, 284:1171-1174.
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Application of the scanstatisticto locatesignificantpalindrome
clustersan nucleicacidsequences

Ming-Ying Leung
Division of Mathematicsaand Statistics University of Texasat SanAntonio

Nonrandomclustersof palindromeshave beenobsened aroundorigins of repli-
cationandregulatorysitesof someviruses. A methodto distinguishstatisticallysig-
nificant clustersof palindromesrom thoseoccurringby chancewould be helpful in
locating putative regions of biological interestin viral genomes. Modeling the oc-
currencesnf palindromesin nucleic acid sequencess independentnd identically
distributed randomvariablesuniformly distributed on the unit intenal (0,1), signifi-
cantpalindromeclustersarelocatedusingther-scanstatisticwhich hasa Poissortype
limiting probability distribution. The procedures illustratedwith several complete
genomedrom thefamiliesof herpesviruseandparamyxeiruses.
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Using computationabeneticsto identify snoRM\s in Yeastand
archaeabjenomes

ToddM. Lowe
StanfordUniversity Schoolof Medicine,Departmenbf Genetics Stanford CA 94305-5120

In eukaryotesgozensof post-transcriptiodamodificationsaredirectedto specific
nucleotidesn ribosomalRNAs (rRNAs) by smallnucleolarRNAs (snoRMs). Many
memberf this RNA genefamily hadremainedunidentifiedin Saccharomycesere-
visiae, despitethe availability of a completegenomesequencel developeda prob-
ablistic modelof the snoRM\ genefamily and usedit to computationallyscreernthe
yeastgenome[l]. Twenty-two new sSnoRM\ geneswereidentified and verified ex-
perimentallyusing genedisruptionsand other experimentalcharacterization.In all,
therearenow 41 memberof this genefamily, andwe estimatefewer thanfour remain
unidentified.

SnoRMAs had formerly beenidentified in eukaryotesxclusively. As partof a
collaboratiorwith Patrick Dennisat the University of British Columbia,we have now
identifiedhomologsof snoRNA genesn both branchesf the Archaed2]. Eighteen
small sno-like RNAs (sRNAs) were clonedfrom the archaeorSulfolokus acidocal-
dariusby co-immunoprecipitationvith aFIB andaNOP56 the archaeahomologsof
eukaryoticsnoRM\-associategroteins.Were-trainedour probabilisticyeastsnoRN\
modelon the S. acidocaldariugienego searchfor moresRNAs in archaeabenomic
sequencever 250additionalsRNAs wereidentifiedin eightarchaeagjenomesep-
resentingooththe Crenarchaeotandthe EuryarchaeotaSmallnucleolarRNA based
rRNA modificationwas thereforeprobably presentin the last commonancestorof
ArchaeaandEukarya predatingheevolution of amorphologicallydistinctnucleolus.

The completesetof yeastand archaeasnoRMs canbe found on the Eddy lab
snoRM\db website:rna.wustl.edu/snoRAdb/.

[1] Lowe andEddy, Science, 283:1168-117119 Feb1999.
[2] Omeretal., Science, 288:517-52221 Apr 2000.
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Effect of modified nucleotidesand magnesiumon Escherichia
coli tRNAGIu structureand on its aminoaglation by glutamyl-
tRNA synthetase

Eric Madoré, CatherineFlorentZ, Richard Giegé?, Shun-ichiSekiné, Shigeyuki
Yokoyama andJacques.apointée

I Départementle Biochimie et de Microbiologie, Centrede Recherchesur la Fonction, la
Structureet I'Ing énieriedesProgines(CREFSIP),Universi€ Laval, Québec,CanadaG1K
7PA4.

2 UPR 9002, Institut de Biologie Mol éculaireet Cellulairedu CNRS, 15 rue Reré Descartes,
F-67084Strasbouy Cede, France.

3 Departmentof Biophysicsand Biochemistry GraduateSchool of Science,University of
Tokyo, Hongo,Bunkyo-ku, Tokyo 113-0033Japan.

Escherichia coli tRNAGIu possessesve modifiednucleotideslY 13, mnm5s2U34,
m2A37,T54andY55 andrequiresnagnesiunto fold in anactive conformation.Over
producingthistRNA in its homologoudhostresultsin the presencef seseraldistinctly
modifiedforms of this moleculethat we namedmodiariants. The predominantR-
NAGIu modivariantin wild-type E. coli containsall five modified nucleosides Four
otheroverproducednodivariantsdiffer from it by respectiely, eitherthe presencef
an additionalY, or the presencef s2U34,or the lack of A37 methylationcombined
with eithers2U340r U34. Chemicalprobing revealsthat the anticodonloop of the
predominantmodwariantis lessreactve to theprobeshanthatof thefour others.Fur
thermore themodiariantwith neithermnm5s2U3sor m2A37 hasadditionalpertur
bationsin the D- andT-armsandin thevariableregion. In theabsencef magnesium,
all thesemodiariantsadopta newv conformation:.chemicalandenzymaticprobingre-
vealedthatthey have a hairpin structurewith two internalloops. The lack of a 2-thio
groupin nucleoside34 decreaseby 520-foldthe specificityof E. coli glutamyl-tRNA
synthetasdor tRNAGIu in the aminoaglation reaction,shaving thatthis thio group
is the identity elementin the modified wobble nucleotideof E. coli tRNAGIu. The
modifiednucleosidegontentalsoinfluencegherecognitionof ATP andglutamateby
this enzymeandin this casealso,the predominanimodiariantis the onethatallows
the bestspecificityfor thesetwo substratesThesestructuralandkinetic propertiesof
tRNAGIu modwariantsindicatethat the modificationsystemof tRNAGIu optimizes
the stability of tRNAGIu andits actionas cofactor of the glutamyl-tRNA synthetase
for therecognitionof glutamateand ATP.
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Identificationof sequencenotifsin oligonucleotidesvhosepres-
enceis correlatedwith antisenseactvity

Matveeva OV '* Atkins JF,GiddingsM?, Freier SM3, Wyatt JR?, Spiridonov AN#,
ShabalinaSA%, GestelandRF! andTsodikov AD2

I Departmenbf HumanGeneticsUniversity of Utah, SaltLake City 84112-5330USA

2 HuntsmanCancerinstitute, Departmeniof OncologicalSciencesUniversity of Utah, Salt
Lake City 84112,USA

3 1SIS Pharmaceuticalarlsbad California92008,USA.

4 JHS, Ithaca,New York 14853,USA

5 National Centerfor Biotechnologylnformation, NLM, NIH, BethesdaMaryland 20814,
USA

* To whomcorrespondencghouldbe addressed

Designof antisenseligonucleotidetargetingany mRNA canbe muchmore effi-
cientwhensereral actiity-enhancingmotifs areincludedandactity-decreasingno-
tifs areavoided. This finding wasmadeatfter statisticalanalysisof datacollectedfrom
morethena thousandexperimentswith phosphorothioate-naiified oligonucleotides.
Highly significantpositive correlationbetweerthe presencef motifs TCCC,ACTC,
GCCA,CTCTin theoligonucleotideandits antisensefficiency wasdemonstratedn
additionto thatnegative correlationwasrevealedaswell for the motifs GGGG,ACT-
G, AAA andTAA. It wasfoundthatlikelihoodof actvity of oligonucleotideagainsta
desirednRNA tamgetis sequencenotif contentdependent.
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Useof computemmodellingandbiochemicaldatato defineinter-
mediatesf thefolding pathway for the deltaribozymecatalysis

Martin PelchatandJean-Pierr@erreault
Départementle Biochimie,Unversi& de Sherbroolk, Sherbrooke, Québec J1H5N4, Canada

Recently the structureof hepatitisdeltavirus (HDV) ribozymewas determined
basedon crystallographiaatausingthe antigenomiaibozymeandthe RNA-binding
proteinU1A asa crystallizationmodule.However this structureonly shavedthe con-
formationadoptedby the ribozymeafterthe clearagestep. It hasbeendemonstrated
that structuralchangesare necessaryor actve comples formation. As our goal is
to identify the differentstructuralintermediate®f thereactionwe usedthe molecular
modelingsoftwareMC-SYM developpedby the Major’s groupasatool to hypothesize
the conformationatransitionsbasedon our biochemicaldata. We wereableto define
seseral putative conformationaintermediatedor this reactionwhich enableusto il-
lustratedifferent stepsof folding pathway. Moreover, thesemodelscould be usedto
designexperimentgo accesshe pathway. Thisis anew applicationfor theMC-SYM
software,asit is anapproacho dealwith folding pathway of RNA catalysis.
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A bendin the hairpinribozymesubstratdindingdomain

RobertPinard, Dominic Lambert, FrancoisMajor?> andJohnM. Burke!

I Universityof Vermont,Dept. of Microbiology andMolecularGeneticsBurlington, Vermont
2 Universi&deMontréal,Dept. d'informatiqueet Recherch®pérationelle Montréal,Québec,
Canada

The hairpinribozyme,assembledvith a shortsubstrateRNA, presentgwo loop
domains(termedA andB) boundedby shorthelicalregions. Most of the catalytically
essentiafjroupsareconcentratedavithin loopsA andB andthetwo independentold-
ing domainsof the hairpinribozymemustinteractfor theribozymeto beactive. Com-
putergeneratedhree-dimensionainodels(MC-SYM) using constraintsrom photo-
affinity crosslinksand hydroxy-radicalprotectiondata, have shedsomelight on the
relative spatialarrangementf the A and B domains,including the existenceof an
essentialnterdomainbase-paifPinardetal., 1999). High resolutionstructureof the
isolateddomainbasedon NMR spectroscop are also available. However, little is
known aboutthe interdomaincontactsor the internalgeometryof the individual do-
mains,whichareusuallydepictedasstraightstructurakelementsWe have investigated
theinternalgeometryof thedomainA (thesubstratdindingdomain)in acatalytically
active complex. DomainA compriseswo shorthelices(6 and4 bp) thatflank a small
symmetricaloop (4 ntin eachstrand)containingthe cleavagesite. Usingcircularized
substrateandvariousconstructsof the hairpinribozymeincludinga circular substrate
binding strandwe have shavn that domainA adoptsa bentconformation. Our data
indicatethatcircularsubstratearecleavedvery efficiently andthata circularsubstrate
binding domainis catalyticallycompetent.Thesedatastrongly suggesthatthe ben-
t conformationreflectsthe actualstructureof an actve complex.Theseobserations
differ from the conformationobtainedby NMR, and provide new three-dimensional
constraintdor the understandingf the hairpinribozymestructureandfunction. Us-
ing thesetopographicatonstraintsn combinationwith our previousbiochemicadata
and computerassistedmolecularmodeling(MC-SYM) we have generatech model
describingthe new spatialarrangementf the substratdindingdomain.
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Basicgeometrigproblemson reconfiguringpolymers

Michael SossandGodfried T. Toussaint
Schoolof ComputerScienceMcGill University

We examinea few computationafjeometricproblemswhich mayaid the determi-
nationof whetheror not a polymercanbe reconfiguredrom onefolding to another
We usean off-lattice modelof a polymer a polygonalchain(pathof line segments)
in threedimensions.The polymercanbe reconfiguredn ary manneraslong asthe
edgdengthsandtheangleshetweerconsecutie edgegbondlengthsandbondangles)
remainfixed, andno two edgesintersectduring the motion. We discusspreliminary
resultson thefollowing problems.

Givena polymer we selectsomeinterior edge,definingthe two subchainsadja-
centto it. We keepthe two individually rigid andperforma dihedralrotationon one
subchainat the specifiededgewhile leaving the otherfixed in space.The motionis
deemedo be feasibleif the polymerdoesnot self-intersecduring the process.As
the polymeris locally changingonly at a single vertex, this is the simplestmotion
allowablein our model. We call this motion an edgespin. We give algorithmsfor
determiningthe feasibility of thesemotionsandprove thatthey arenearoptimal.

In determiningwhethera polymercanbereconfiguredrom onefolding to another
it is usefulto considerreconfiguringthroughsomecanonicalconformation. In our
three-dimensionatase the mostobvious choiceis to flattena polymerinto the plane.
However, we demonstratehat determiningif a given polymer can be reconfigured
into the planewithout self-intersectings NP-hard,evenif therestrictionthatit must
lie monotonicallyis added.We provide additionaltools sucha lineartime algorithm
to decideif a polymerhasanon-crossingorvex coil conformation(whereall angles
turn in the samedirection),althoughdecidingif a sequencef motionsto reconfigure
it into acorvex coil remainsanopenproblem.
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Linguistic analysisof the 5SribosomalRNA of Actinomycetes

SandraVl.R. SubaciusandGabrielPadilla
Departamentale Microbiologia, Institutode BiociénciasUniversidadale Sao Paulo (USP)
CEP:05508-9005a0 Paulo, SR Brasil

The Actinomycetegroupconsistof several genusof saprophytesandsimbiotic-
parasitegram positive eubacteriathat inhabit the soil and also the natural cavities
of manandanimals. Thesebacteriahave a greatmorphologicaldiversity extending
from the coccus(Micrococcus)to generawith a permanentand highly differentiated
mycelium(Streptomyces).

Many of the Actinomycetesspeciesxhibit a mesophilenature neverthelesgheir
genomesrerich in G+C. The5S-genedlijk e otherregionsof thegenomeshav G+C
compositionalsoshifted from the neutrality (50%). As consequencehe 5S rRNAs
of the Actinomycetegpresen(G frequenciegor C in Mycobacteria) higherthanthose
obsered for the thermophiliceubacteria.However, the G and C frequenciesn the
Actinomyceteshave beenkept high by the preferentialfixation of point mutationof
thetranswersiontype. This behaior, asexpressedy theKs index (seeSubaciusand
Bussab,1998)involves unbalancedxchangebetweenthe G (purine)andU (pyrimi-
dine),andit hasisolatedthe Actinomycetedgrom othereubacteria.

In orderto know the implicationsof the high G+C contentsin the variability of
the di andtrinucleotidevocalulary, a linguistic analysis(Brendelet al. 1986, Tri-
fonov 1988, Pietrolovski 1989) of the ActinomycetessS sequencesvas carriedout
from dataavailablein the EMBL DataBank. Accordingto this method,eacholigonu-
cleotidewordin thevocalulary recevesa markovian contrastvalue,thatcanbeeither
positive (preferredword) or negative (avoidedword). Oligomersconsistentlyover or
underrepresenteémongdifferentsequencesyould be clearly good candidatedor
functionallyimportantsites.

Theresultsof this researcthave shavn that, althoughthe Actinomycetesaredis-
tantfrom othereubacterigitherby the high G or GG contentsthe CC dinucleotide
wasthepreferredwvordin 90% of the specieswith positive contrastvalueshigherthan
stds>>2 (standarddeviation), while its complementargounterpartthe base-paiGG,
remainedn the expectedintenal. The CC dinucleotidesare mainly concentratedn
the hairpin C of the 5S secondarystructure. This region is alsocharacterizedby the
occurrenceof CCGtrinucleotideqpreferredword), that overlapsto the CCCtriplets,
making up the CCCGtetramey locatedin the strands5’and 3’ of the helix lll. The
CCCGtetramerseemgo bein facttheword with local functionalmeaning.

Thestd-valuesobtainedor the CCCtrinucleotidewereconsistentlynegatvesindi-
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catingthatCCC,contraryto CCdinucleotidetendto beaword avoidedin thecontrast
vocahlulary of the ActinomycetessS molecules.In 92% of the ActinomycetesGGC
wasstronglyavoided. Theoccurrencef the GGCsiteswasscarcealongthemolecule
circumscribedo 1 or 2 sites(in tandem)in generalin the 5’strandof the helix I. That
region,thepresencef two sites,stratgically occupiedby oneof thetwo pyrimidines
(U andmorerarely C) preventsthe formationof an G cluster The behaior obsered
for thetrinucleotideGGC,reflectsanintenserestrictiononthe GC dinucleotide except
for the 5S of Mycobacteria. AnotherimportantdifferencethatsetapartMycobacteria
from the Actinomycetesjs the site GAA (preferredword in 100% of the Mycobac-
teriaspecies)pverlappedo an AAAA site (GGAAAA) in theloop E. The A cluster
found only in the 5S of the Mycobacteriasamongthe Actinomycetesconstituteghe
signatureof the group.Despitehe GC dinucleotidebeingan avoidedword, the AGC
trinucleotide thethird mostpreferredword in Actinomycetesis foundin 50% of the
species.AGC sitesappearin four positionsin the molecule,in the strands5’and 3’
of the helix Il (isolatedsites),in the loop B (overlappedto the AACG tetramer),in
the 3'strandof the helix lll. This latterpositionis very interestingdueto the A bulges
in the position50, that representshe centralbaseof two preferredwordsin the My-
cobacteriavocalulary (GAA andAGC) thatoverlapto the GAAS0GC pentamerThat
regionis conseredin nearall the Actinomycetespecies.

Brendel,\VBeckmann,.S.andTrifonov, E.N. (1986)Linguistic of nucleotidesequencesmor-
phologyandcomparisorof vocahularies.J. Biomolec. Sr. Dyn., 4:11-21.

Pietrolovski S.(1989)Nucleotidesequencedialectsandvocahularies.MSc. Thesis TheWeiz-
manninst. of ScienceRehwot, Israel.

SubaciusS.M.RandBussabW.O (1998)Purineandpyrimidine compositionin 5SrRNA and
its mutationalsignificance Genetics and Molecular Biology, 21:255-258.

Trifonov,E.N. (1988) Nucleotidesequencess language:morphologicalclassof words. In
Block H.H. (eds)Classificatiorandrelatedmethodsof dataanalysis Elsevier-North Holland,
pp.57-64.

AcknowledgementsFAPESP-Brazil

Novel Approachesn RNA Informatics 14



Mining the database®r mobilegroupll introns

SterenZimmerly, Geog Hausnerand Xu-chuWu
Departmentf Biological SciencesUniversityof Calgary

Mobile groupll intronswereidentifiedin the databasebasedn the reversetran-
scriptas€RT) ORFtypically encodedvithin theintrons.Over60groupll intronswere
compiledincluding 40 mitochondrial,11 chloroplastand 18 bacterial ORFs. Nearly
half of the bacterialORFswerenot previously identifiedasgroupll introns. The bac-
terialgroupll intronsareinvariablyfoundin mobileDNAs or plasmidsaresometimes
locatedoutsideof functionalgenesandarefrequentlyfound astruncatedfragments.
Togetherthedatasuggest higherdegreeof intron movementandflux in bacteriathan
in prganelles.

A phylogenetidreeof the compiledORFswasconstructedo predicta history of
mobile groupl introns. The phylogenetictree wasrootedwith RTs of telomerase,
non-LTR retroelementandretrons,andtheinferredphylogery shavs two majorclus-
tersof group |l intron ORFs. The mitochondrialclustercontainsnearly all knowvn
mitochondrialgroup|l intron ORFs,while the chloroplast-like clusteris a heteroge-
neouscollectionof all known chloroplastgroupll intron ORFsplus algal mitochon-
drial ORFsandbacterialORFs. A numberof bacterialORFsdo not have affinities to
eithermajor lineageandare probablyearly branching. The datagive an overvien of
the exceptionallyhigh degreeof horizontaltransferof groupll introns,mostlyamong
relatedorganismdout occasionallybetweerorganellesandbacteria.TheZn (nuclease)
domainwaslost multiple timesduring evolution, andis lacking from mary bacterial
ORFs. Overall the dataare consistenwith a bacterialorigin for mobile groupll in-
trons.

Novel Approachesn RNA Informatics 15



JU10111010111010100100001010010000100101110101110101001000101110001011101011101010010000101001000010010111010111010100100010111C0010111010111010100100001010010000100101110101110101001000101110001011101011101010010000101001000010010111010111010100100010111
110111010001000110100000011010000011101110100010001101000001110111011101000100011010000001101000001110111010001000110100000111011101110100010001101000000110100000111011101000100011010000011101110111010001000110100000011010000011101110100010001101000001110
)100010010010111010000011101000001101000100100101110100000000100010001001001011101000001110100000110100010010010111010000000010€0100010010010111010000011101000001101000100100101110100000000100010001001001011101000001110100000110100010010010111010000000010
1010010010101011010011101101001110010100100101010110100111100100101001001010101101001110110100111001010010010101011010011110010€1010010010101011010011101101001110010100100101010110100111100100101001001010101101001110110100111001010010010101011010011110010
100010011101000101001000010100100101000100111010001010010000100110001001110100010100100001010010010100010011101000101001000010011000100111010001010010000101001001010001001110100010100100001001100010011101000101001000010100100101000100111010001010010000100
)10010010111010101001011010100101010100100101110101010010100100101001001011101010100101101010010101010010010111010101001010010010100100101110101010010110101001010101001001011101010100101001001010010010111010101001011010100101010100100101110101010010100100
101001010101010100101011010010101101010010101010101001010110010110100101010101010010101101001010110101001010101010100101011001011010010101010101001010110100101011010100101010101010010101100101101001010101010100101011010010101101010010101010101001010110010
)010010010010010101000101010100010100100100100100101010001100100001001001001001010100010101010001010010010010010010101000110010€0010010010010010101000101010100010100100100100100101010001100100001001001001001010100010101010001010010010010010010101000110010
)010111010111010100100001010010000100101110101110101001000101110001011101011101010010000101001000010010111010111010100100010111€0010111010111010100100001010010000100101110101110101001000101110001011101011101010010000101001000010010111010111010100100010111
110111010001000110100000011010000011101110100010001101000001110111011101000100011010000001101000001110111010001000110100000111011101110100010001101000000110100000111011101000100011010000011101110111010001000110100000011010000011101110100010001101000001110
)100010010010111010000011101000001101000100100101110100000000100010001001001011101000001110100000110100010010010111010000000010€0100010010010111010000011101000001101000100100101110100000000100010001001001011101000001110100000110100010010010111010000000010
1010010010101011010011101101001110010100100101010110100111100100101001001010101101001110110100111001010010010101011010011110010€1010010010101011010011101101001110010100100101010110100111100100101001001010101101001110110100111001010010010101011010011110010
100010011101000101001000010100100101000100111010001010010000100110001001110100010100100001010010010100010011101000101001000010011000100111010001010010000101001001010001001110100010100100001001100010011101000101001000010100100101000100111010001010010000100

o\ Boehringer
|| II 8 Boehringer Ingelheim (Canada) Ltd.

Ingelheim

www.crm.umontreal.ca

cerca www.cerca.umontreal.ca

-
501 wWWww.sgi.com

UI'I i‘m’EI’Sité www.umontreal.ca
de Montréal

0110100000111011101000100011010000101000100011010000011100111011101000100011010000001101000001110111010001000110100001010001000110100000111011101000100011010000001101000001110111010001000110100000111011011101000100011010000001101000001410111010001000110
1101000001101000100100101110100000100100101110100000110101101000100100101110100000111010000011010001001001011101000001001001011101000001101000100100101110100000111010000011010001001001011101000000001001000100100101110100000111010000011010001001001011101
110100111001010010010101011010011110010101011010011100101001010010010101011010011101101001110010100100101010110100111100101010110100111001010010010101011010011101101001110010100100101010110100111100100.0100100101010110100111011010011100101001001010101101
0101001001010001001110100010100100001110100010100100101001010001001110100010100100001010010010100010011101000101001000011101000101001001010001001110100010100100001010010010100010011101000101001000010010001001110100010100100001010010010100010011101000101



