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Direct visualizationof dockingof thehairpinribozyme-substrate
complex by atomicforcemicroscopy

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

Thehairpinribozymeis afifty nucleotidecatalyticRNA, derivedfrom thesatellite
RNA of tobaccoringspotvirus. As a site-specificRNA endonuclease,the 5’ and3’
cleavageproductshave 2’-3’ cyclic phosphateand5’ hydroxyl termini, respectively.
Thereactionmechanismis yet to befully defined,andthethreedimensionalstructure
is unknown. However, it is known thatspecificinteractionsbetween,or dockingof, the
two internalloopdomainsof theribozyme-substratecomplex is essentialfor substrate
cleavage.

In recentyears,atomic force microscopy (AFM) hasbeeneffectively utilized to
imagebiological moleculesin aqueousbuffers. TappingmodeAFM obtainsdataby
makinga rasterscanof a surface,recordingthe heightdeflectionof the probeupon
contactwith an object immobilized 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 andsamplepreparationfor visualizationof individual
hairpinribozyme-substratecomplexesin solution.With theseconditions,we have ac-
quiredimageswhichshow it is possibleto directlyobservestructuralchangesbetween
inactive andactive variantsof this relatively smallcatalyticRNA molecule.
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Dynamicsof metalion bindingsitesin acatalyticRNA

ThomasHermannandDinshaw J.Patel
MemorialSloan-KetteringCancerCenter, New York

RNA three-dimensionalstructurescontainmetalcationsasintrinsic components
which stabilizethe folding of the negatively chargedsugar-phosphatebackboneand
participatein thechemistryof RNA function.Wehaverecentlydevelopedaprediction
methodbasedon Brownian dynamics(BD) simulationsof cationdiffusion to calcu-
late electronegative pockets in RNA folds [1]. The predictionalgorithmexhaustive-
ly explorespotentialmetalion binding sites,reproducingthepositionsof metalions
in crystal structuresandrevealingpreviously unknown cationbinding sitesin RNA
three-dimensionalstructures. We have useda combinationof moleculardynamics
(MD) simulationsunderrealisticsolventconditionsandBD simulationsof cationdif-
fusionin orderto studythedynamicsof metalion bindingsitesin thelead-dependent
ribozyme. Solutionconformationsof the catalyticRNA wereobtainedby MD sim-
ulationsstartingfrom thecrystalstructureof thecatalyticRNA [2]. BD simulations
performedon succeedingconformersreveal thedynamicsof electronegative pockets
in theRNA fold. Consequencesfor metalion bindingandimplicationsonthecatalysis
of theribozymewill bediscussed.

[1] HermannandWesthof,Structure, 6, 1303(1998).

[2] WedekindandMcKay, Nature Structural Biology, 6, 261(1999).
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StemTrace:A GUI-basedtool for anexploratoryRNA structure
analysis

WojciechKasprzak
�

andBruceShapiro
�

�
IntramuralResearchSupportProgram,SAIC-Frederick,NCI-FCRDC�
Laboratoryof ExperimentalandComputationalBiology, NIH, NCI-FCRDC

StemTraceis an importantsoftware tool developedfor STRUCTURELAB, an
RNA structureanalysiscomputerworkbench.It providesthe capabilityto analyzea
databaseof a largenumberof computationallygeneratedstructureconformationsin a
novel, visuallydriven,andexploratoryway.

StemTraceis essentiallya two-dimensionalplot of all uniquehelicalstemsfrom
a solution spaceof structureconformationsof a given sequence,presentingan or-
thogonalview to the usually employed stemhistograms(dot-matrices). Displayed
informationis color-codedto reflectcumulative frequency of occurrenceor thestem
energy, andit retainsanexplicit depictionof all theindividual conformationsusedas
inputsto it. Besidesproviding a visualrepresentationof a solutionspacefor anRNA
sequence,StemTraceis alsoanactive graphicaluserinterface(GUI) to theunderly-
ing data. A setof functionsassociatedwith every traceperformssearching,sorting,
scaling,thresholdingand, throughconnectionswith otherSTRUCTURELAB tools,
drawing andlabelingof structuresbasedon thedataextractedfrom aspecifictrace.

Thegenericnatureof suchadatapresentationparadigmhasallowedusto develop
StemTraceintoananalysistool capableof dealingwith arangeof RNA andDNA fold-
ing datafor singleandmultiplesequences,thusintroducingsomephylogeneticanaly-
siselements.A separatesetof functionsis devotedto dealingwith sequence/structure
alignmentandstructuralmotif searchandanalysis.

Thetool hasprovenveryusefulin theanalysisof thesolutionspacesof theGenetic
Algorithm andtheDynamicProgrammingAlgorithm (suchasMFOLD) for bothRNA
andDNA sequences.In its multi-sequencemodeit hasyieldedclearvisualizationof
structurepreservation in asetof HIV andSIV strains.
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Modelling thestructureof anRNA dimerusingMc-Sym

Tony Kusalik
Departmentof ComputerScience,Universityof Saskatchewan

Mc-Symis asystemdevelopedattheUniversit́edeMontréalfor modelingandpre-
dictingthe3D structureof RNA. Thesystemis basedonaconstraintsatisfactionalgo-
rithm,andallowsuseof secondarystructureandlow-resolutiondataasinput. Mc-Sym
hassuccessfullygenerated3D structuresfor portionsof moleculesandwhole single
molecules.More recently, it hasbeenappliedto modelingthestructureof multimers.
This presentationdescribesonesucheffort: modelingthe structureof the proposed
dimer for inactive E. Coli tRNA-Glu. Inferring the structureof the dimer required
a modelingmethodologydifferent from that normally usedwith Mc-Sym. The new
methodologyfollows a cyclic approachwherestructuresarebuilt usingpre-screened
substructuresfrom apreviouscycle. Thispresentationdescribesthenew methodology,
aswell astheresultsobtainedfor tRNA-Glu to date.
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Quantitative analysisof nitrogenbasespatial relationsin RNA
three-dimensionalstructures

SébastienLemieux,PatrickGendronandFrançois Major
Universit́e deMontréal,Dept. d’informatiqueet RechercheOpérationelle,Montréal,Québec,
Canada

PROBLEM: The higher-order structureof RNA can be representedby a set of
chemicalinteractionsamongtheir nucleotides,suchasnitrogenbasepairing ands-
tacking[1]. Quantitative studiesof nitrogenbasespatialrelationshave applications
in RNA 3-D motif identification,in thedefinitionof RNA 3-D conformationalsearch
spaces,andin theevaluationof theamountof structuralinformationpresentin thecur-
rently available3-D structures.However, no objective methodexistedfor objectively
studyingnitrogenbasespatialrelations.

METHOD: Wedevelopeda procedurethat,giventheatomiccoordinatesof a pair
of nitrogenbases,specifically identifies its type of spatial relation. Homogeneous
transformationmatriceswereusedto encodespatialrelations.Thesimilarity between
two spatialrelationsis assessedusinga distancemetric that counterbalancethe rota-
tion and translationin the context of nitrogenbases.From the distancemetric, we
definedthepeculiarityof a givenspatialrelationto a setof spatialrelations.Finally,
wedevelopedacomputerprogramthatrapidlyanalyzesthespatialrelationsin aRNA
3-D structure,which in particularidentifiesunusualones.

RESULTS: We extracted,classifiedandstoredin a databasethe spatialrelations
of all 3-D structuresmadeavailableto us.For eachtypeof spatialrelation,anordered
list of homogeneoustransformationmatriceswasassigned,which canbeusedfor its
conformationalsampling.WeanalyzedtheRNA-bindingdomainof ribosomalprotein
L11 [2], andfound that its mostpeculiarspatialrelationsare locatedin the regions
wheretheRNA directly interactswith theprotein.An estimateof the”completeness”
of thecurrent3-D structuredatabasewasmade.

[1] F. Major et al. (1991)Science, 253:1255-1260.

[2] G.L. Connet al. (1999)Science, 284:1171-1174.
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Application of the scanstatisticto locatesignificantpalindrome
clustersin nucleicacidsequences

Ming-Ying Leung
Division of MathematicsandStatistics,Universityof Texasat SanAntonio

Nonrandomclustersof palindromeshave beenobserved aroundorigins of repli-
cationandregulatorysitesof someviruses.A methodto distinguishstatisticallysig-
nificant clustersof palindromesfrom thoseoccurringby chancewould be helpful in
locating putative regions of biological interestin viral genomes.Modeling the oc-
currencesof palindromesin nucleic acid sequencesas independentand identically
distributed randomvariablesuniformly distributed on the unit interval (0,1), signifi-
cantpalindromeclustersarelocatedusingther-scanstatisticwhichhasaPoissontype
limiting probability distribution. The procedureis illustratedwith several complete
genomesfrom thefamiliesof herpesvirusesandparamyxoviruses.
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Using computationalgeneticsto identify snoRNAs in Yeastand
archaealgenomes

ToddM. Lowe
StanfordUniversitySchoolof Medicine,Departmentof Genetics,Stanford,CA 94305-5120

In eukaryotes,dozensof post-transcriptional modificationsaredirectedto specific
nucleotidesin ribosomalRNAs (rRNAs) by smallnucleolarRNAs (snoRNAs). Many
membersof this RNA genefamily hadremainedunidentifiedin Saccharomycescere-
visiae,despitethe availability of a completegenomesequence.I developeda prob-
ablistic modelof thesnoRNA genefamily andusedit to computationallyscreenthe
yeastgenome[1]. Twenty-two new snoRNA geneswere identifiedandverified ex-
perimentallyusinggenedisruptionsandotherexperimentalcharacterization.In all,
therearenow 41membersof thisgenefamily, andweestimatefewer thanfour remain
unidentified.

SnoRNAs had formerly beenidentified in eukaryotesexclusively. As part of a
collaborationwith PatrickDennisat theUniversityof British Columbia,we have now
identifiedhomologsof snoRNA genesin bothbranchesof theArchaea[2]. Eighteen
small sno-like RNAs (sRNAs) were clonedfrom the archaeonSulfolobus acidocal-
dariusby co-immunoprecipitationwith aFIB andaNOP56,thearchaealhomologsof
eukaryoticsnoRNA-associatedproteins.Were-trainedourprobabilisticyeastsnoRNA
modelon theS. acidocaldariusgenesto searchfor moresRNAs in archaealgenomic
sequences.Over250additionalsRNAs wereidentifiedin eightarchaealgenomesrep-
resentingboththeCrenarchaeotaandtheEuryarchaeota.SmallnucleolarRNA based
rRNA modificationwas thereforeprobablypresentin the last commonancestorof
ArchaeaandEukarya,predatingtheevolutionof amorphologicallydistinctnucleolus.

The completesetof yeastandarchaealsnoRNAs canbe found on the Eddy lab
snoRNAdb website:rna.wustl.edu/snoRNAdb/.

[1] LoweandEddy, Science, 283:1168-1171,19 Feb1999.

[2] Omeret al., Science, 288:517-522,21 Apr 2000.
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Effect of modified nucleotidesand magnesiumon Escherichia
coli tRNAGlu structureandon its aminoacylation by glutamyl-
tRNA synthetase

Eric Madore
�
, CatherineFlorentz

�
, RichardGiegé

�
, Shun-ichiSekine

�
, Shigeyuki

Yokoyama
�

andJacquesLapointe
�

�
Départementde Biochimie et de Microbiologie, Centrede Recherchesur la Fonction, la

Structureet l’Ing énieriedesProt́eines(CREFSIP),Universit́e Laval, Québec,Canada,G1K
7P4.�

UPR9002,Institut deBiologie Moléculaireet Cellulairedu CNRS,15 rueReńe Descartes,
F-67084Strasbourg Cedex, France.�

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

Escherichia coli tRNAGlupossessesfivemodifiednucleotides:Y13,mnm5s2U34,
m2A37,T54andY55andrequiresmagnesiumto fold in anactiveconformation.Over-
producingthistRNA in its homologoushostresultsin thepresenceof severaldistinctly
modifiedforms of this moleculethat we namedmodivariants. The predominanttR-
NAGlu modivariant in wild-type E. coli containsall five modifiednucleosides.Four
otheroverproducedmodivariantsdiffer from it by respectively, eitherthepresenceof
an additionalY, or thepresenceof s2U34,or the lack of A37 methylationcombined
with eithers2U34or U34. Chemicalprobingrevealsthat the anticodonloop of the
predominantmodivariantis lessreactive to theprobesthanthatof thefour others.Fur-
thermore,themodivariantwith neithermnm5s2U34norm2A37hasadditionalpertur-
bationsin theD- andT-armsandin thevariableregion. In theabsenceof magnesium,
all thesemodivariantsadoptanew conformation:chemicalandenzymaticprobingre-
vealedthat they have a hairpinstructurewith two internalloops.Thelack of a 2-thio
groupin nucleoside34decreasesby 520-foldthespecificityof E. coli glutamyl-tRNA
synthetasefor tRNAGlu in theaminoacylation reaction,showing that this thio group
is the identity elementin the modifiedwobblenucleotideof E. coli tRNAGlu. The
modifiednucleosidescontentalsoinfluencestherecognitionof ATP andglutamateby
this enzyme,andin this casealso,thepredominantmodivariantis theonethatallows
thebestspecificityfor thesetwo substrates.Thesestructuralandkinetic propertiesof
tRNAGlu modivariantsindicatethat the modificationsystemof tRNAGlu optimizes
the stability of tRNAGlu andits actionascofactorof the glutamyl-tRNA synthetase
for therecognitionof glutamateandATP.
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Identificationof sequencemotifs in oligonucleotideswhosepres-
enceis correlatedwith antisenseactivity

Matveeva OV
���

,Atkins JF
�
,GiddingsM

�
, FreierSM

�
, Wyatt JR

�
, Spiridonov AN

�
,

ShabalinaSA
	
, GestelandRF

�
andTsodikov AD

�
�

Departmentof HumanGenetics,Universityof Utah,SaltLakeCity 84112-5330,USA�
HuntsmanCancerInstitute,Departmentof OncologicalSciences,University of Utah, Salt

LakeCity 84112,USA�
ISISPharmaceuticals,Carlsbad,California92008,USA.

IHS, Ithaca,New York 14853,USA�
National Centerfor BiotechnologyInformation, NLM, NIH, Bethesda,Maryland 20814,

USA�
To whomcorrespondenceshouldbeaddressed

Designof antisenseoligonucleotidetargetingany mRNA canbemuchmoreeffi-
cientwhenseveralactivity-enhancingmotifsareincludedandactivity-decreasingmo-
tifs areavoided.Thisfindingwasmadeafterstatisticalanalysisof datacollectedfrom
morethena thousandexperimentswith phosphorothioate-modified oligonucleotides.
Highly significantpositive correlationbetweenthepresenceof motifs TCCC,ACTC,
GCCA,CTCTin theoligonucleotideandits antisenseefficiency wasdemonstrated.In
additionto thatnegative correlationwasrevealedaswell for themotifs GGGG,ACT-
G, AAA andTAA. It wasfoundthatlikelihoodof activity of oligonucleotideagainsta
desiredmRNA target is sequencemotif contentdependent.
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Useof computermodellingandbiochemicaldatato defineinter-
mediatesof thefolding pathway for thedeltaribozymecatalysis

Martin PelchatandJean-PierrePerreault
DépartementdeBiochimie,Unversit́edeSherbrooke,Sherbrooke,Québec,J1H5N4,Canada

Recently, the structureof hepatitisdeltavirus (HDV) ribozymewasdetermined
basedon crystallographicdatausingtheantigenomicribozymeandtheRNA-binding
proteinU1A asacrystallizationmodule.However thisstructureonly showedthecon-
formationadoptedby theribozymeafter thecleavagestep. It hasbeendemonstrated
that structuralchangesare necessaryfor active complex formation. As our goal is
to identify thedifferentstructuralintermediatesof thereaction,weusedthemolecular
modelingsoftwareMC-SYM developpedby theMajor’sgroupasatool to hypothesize
theconformationaltransitionsbasedon our biochemicaldata.We wereableto define
several putative conformationalintermediatesfor this reactionwhich enableus to il-
lustratedifferentstepsof folding pathway. Moreover, thesemodelscould beusedto
designexperimentsto accessthepathway. This is anew applicationfor theMC-SYM
software,asit is anapproachto dealwith folding pathway of RNA catalysis.
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A bendin thehairpinribozymesubstratebindingdomain

RobertPinard
�
, Dominic Lambert

�
, FrancoisMajor

�
andJohnM. Burke

�
�

Universityof Vermont,Dept.of MicrobiologyandMolecularGenetics,Burlington,Vermont�
Universit́edeMontréal,Dept.d’informatiqueetRechercheOpérationelle,Montréal,Québec,

Canada

The hairpin ribozyme,assembledwith a shortsubstrateRNA, presentstwo loop
domains(termedA andB) boundedby shorthelicalregions.Most of thecatalytically
essentialgroupsareconcentratedwithin loopsA andB andthetwo independentfold-
ing domainsof thehairpinribozymemustinteractfor theribozymeto beactive. Com-
putergeneratedthree-dimensionalmodels(MC-SYM) usingconstraintsfrom photo-
affinity crosslinksandhydroxy-radicalprotectiondata,have shedsomelight on the
relative spatialarrangementof the A andB domains,including the existenceof an
essentialinterdomainbase-pair(Pinardet al., 1999).High resolutionstructuresof the
isolateddomainbasedon NMR spectroscopy are also available. However, little is
known aboutthe interdomaincontactsor the internalgeometryof the individual do-
mains,whichareusuallydepictedasstraightstructuralelements.Wehaveinvestigated
theinternalgeometryof thedomainA (thesubstratebindingdomain)in acatalytically
active complex. DomainA comprisestwo shorthelices(6 and4 bp) thatflanka small
symmetricalloop (4 nt in eachstrand)containingthecleavagesite.Usingcircularized
substrateandvariousconstructsof thehairpinribozymeincludinga circularsubstrate
binding strandwe have shown that domainA adoptsa bentconformation.Our data
indicatethatcircularsubstratesarecleavedveryefficiently andthatacircularsubstrate
bindingdomainis catalyticallycompetent.Thesedatastronglysuggestthat theben-
t conformationreflectsthe actualstructureof an active complex.Theseobservations
differ from the conformationobtainedby NMR, andprovide new three-dimensional
constraintsfor theunderstandingof thehairpin ribozymestructureandfunction. Us-
ing thesetopographicalconstraintsin combinationwith ourpreviousbiochemicaldata
andcomputerassistedmolecularmodeling(MC-SYM) we have generateda model
describingthenew spatialarrangementof thesubstratebindingdomain.
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Basicgeometricproblemson reconfiguringpolymers

MichaelSossandGodfriedT. Toussaint
Schoolof ComputerScience,McGill University

Weexaminea few computationalgeometricproblemswhichmayaid thedetermi-
nationof whetheror not a polymercanbereconfiguredfrom onefolding to another.
We usean off-lattice modelof a polymer, a polygonalchain(pathof line segments)
in threedimensions.The polymercanbe reconfiguredin any manneraslong asthe
edgelengthsandtheanglesbetweenconsecutiveedges(bondlengthsandbondangles)
remainfixed,andno two edgesintersectduring the motion. We discusspreliminary
resultson thefollowing problems.

Given a 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 motion is
deemedto be feasibleif the polymerdoesnot self-intersectduring the process.As
the polymer is locally changingonly at a single vertex, this is the simplestmotion
allowable in our model. We call this motion an edgespin. We give algorithmsfor
determiningthefeasibilityof thesemotionsandprove thatthey arenear-optimal.

In determiningwhetherapolymercanbereconfiguredfrom onefolding to another,
it is useful to considerreconfiguringthroughsomecanonicalconformation. In our
three-dimensionalcase,themostobviouschoiceis to flattenapolymerinto theplane.
However, we demonstratethat determiningif a given polymer can be reconfigured
into theplanewithout self-intersectingis NP-hard,even if the restrictionthat it must
lie monotonicallyis added.We provide additionaltoolssucha linear-time algorithm
to decideif a polymerhasa non-crossingconvex coil conformation(whereall angles
turn in thesamedirection),althoughdecidingif a sequenceof motionsto reconfigure
it into aconvex coil remainsanopenproblem.
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Linguisticanalysisof the5SribosomalRNA of Actinomycetes

SandraM.R. SubaciusandGabrielPadilla
DepartamentodeMicrobiologia,InstitutodeBiociências,UniversidadedeSãoPaulo(USP)
CEP:05508-900,SãoPaulo,SP. Brasil

TheActinomycetesgroupconsistsof severalgenusof saprophytesandsimbiotic-
parasitegram positive eubacteria,that inhabit the soil and also the naturalcavities
of manandanimals. Thesebacteriahave a greatmorphologicaldiversity, extending
from thecoccus(Micrococcus)to generawith a permanentandhighly differentiated
mycelium(Streptomyces).

Many of theActinomycetesspeciesexhibit a mesophilenature,neverthelesstheir
genomesarerich in G+C.The5S-genes,like otherregionsof thegenome,show G+C
compositionalsoshiftedfrom the neutrality(50%). As consequence,the 5S rRNAs
of theActinomycetespresentG frequencies(or C in Mycobacteria),higherthanthose
observed for the thermophiliceubacteria.However, the G andC frequenciesin the
Actinomyceteshave beenkept high by the preferentialfixation of point mutationof
thetransversiontype. This behavior, asexpressedby theKs index (seeSubaciusand
Bussab,1998)involvesunbalancedexchangebetweentheG (purine)andU (pyrimi-
dine),andit hasisolatedtheActinomycetesfrom othereubacteria.

In order to know the implicationsof the high G+C contentsin the variability of
the di and trinucleotidevocabulary, a linguistic analysis(Brendelet al. 1986, Tri-
fonov 1988,Pietrokovski 1989)of the Actinomycetes5S sequenceswascarriedout
from dataavailablein theEMBL DataBank.Accordingto thismethod,eacholigonu-
cleotideword in thevocabulary receivesamarkovian contrastvalue,thatcanbeeither
positive (preferredword) or negative (avoidedword). Oligomersconsistentlyover or
under-representedamongdifferentsequences,would be clearly goodcandidatesfor
functionallyimportantsites.

Theresultsof this researchhave shown that,althoughtheActinomycetesaredis-
tant from othereubacteriaeitherby thehigh G or GG contents,the CC dinucleotide
wasthepreferredword in 90%of thespecies,with positivecontrastvalueshigherthan
stds 
 2 (standarddeviation),while its complementarycounterpart,thebase-pairGG,
remainedin the expectedinterval. The CC dinucleotidesaremainly concentratedin
thehairpin C of the 5S secondarystructure.This region is alsocharacterizedby the
occurrenceof CCGtrinucleotides(preferredword), thatoverlapsto theCCCtriplets,
makingup the CCCGtetramer, locatedin the strands5’and 3’ of the helix III. The
CCCGtetramerseemsto bein factthewordwith local functionalmeaning.

Thestd-valuesobtainedfor theCCCtrinucleotidewereconsistentlynegativesindi-
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catingthatCCC,contraryto CCdinucleotide,tendto beawordavoidedin thecontrast
vocabulary of the Actinomycetes5S molecules.In 92% of the ActinomycetesGGC
wasstronglyavoided.Theoccurrenceof theGGCsiteswasscarcealongthemolecule
circumscribedto 1 or 2 sites(in tandem)in generalin the5’strandof thehelix I. That
region,thepresenceof two sites,strategically occupiedby oneof thetwo pyrimidines
(U andmorerarelyC) preventstheformationof anG cluster. Thebehavior observed
for thetrinucleotideGGC,reflectsanintenserestrictionontheGCdinucleotide,except
for the5Sof Mycobacteria.AnotherimportantdifferencethatsetapartMycobacteria
from the Actinomycetes,is the site GAA (preferredword in 100%of the Mycobac-
teriaspecies),overlappedto anAAAA site (GGAAAA) in the loop E. TheA cluster
found only in the 5S of the Mycobacteriasamongthe Actinomycetesconstitutesthe
signatureof thegroup.DespitetheGC dinucleotidebeinganavoidedword, theAGC
trinucleotide,thethird mostpreferredword in Actinomycetes,is foundin 50%of the
species.AGC sitesappearin four positionsin the molecule,in the strands5’and 3’
of the helix II (isolatedsites),in the loop B (overlappedto the AACG tetramer),in
the3’strandof thehelix III. This latterpositionis very interestingdueto theA bulges
in theposition50, that representsthecentralbaseof two preferredwordsin theMy-
cobacteriavocabulary (GAA andAGC) thatoverlapto theGAA50GCpentamer. That
region is conservedin nearall theActinomycetesspecies.

Brendel,V.Beckmann,J.S.andTrifonov, E.N. (1986)Linguisticof nucleotidesequences:mor-
phologyandcomparisonof vocabularies.J. Biomolec. Str. Dyn., 4:11-21.

PietrokovskiS.(1989)Nucleotidesequencedialectsandvocabularies.MSc.Thesis, TheWeiz-
mannInst. of Science,Rehovot, Israel.

Subacius,S.M.RandBussab,W.O (1998)Purineandpyrimidinecompositionin 5SrRNA and
its mutationalsignificance.Genetics and Molecular Biology, 21:255-258.
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Mining thedatabasesfor mobilegroupII introns

StevenZimmerly, Georg Hausner, andXu-chuWu
Departmentof BiologicalSciences,Universityof Calgary

Mobile groupII intronswereidentifiedin thedatabasesbasedon thereversetran-
scriptase(RT) ORFtypically encodedwithin theintrons.Over60groupII intronswere
compiledincluding 40 mitochondrial,11 chloroplastand18 bacterialORFs. Nearly
half of thebacterialORFswerenot previously identifiedasgroupII introns.Thebac-
terialgroupII intronsareinvariablyfoundin mobileDNAs or plasmids,aresometimes
locatedoutsideof functionalgenes,andarefrequentlyfoundastruncatedfragments.
Togetherthedatasuggestahigherdegreeof intronmovementandflux in bacteriathan
in prganelles.

A phylogenetictreeof thecompiledORFswasconstructedto predicta historyof
mobile group II introns. The phylogenetictreewasrootedwith RTs of telomerase,
non-LTR retroelementsandretrons,andtheinferredphylogeny shows two majorclus-
ters of group II intron ORFs. The mitochondrialclustercontainsnearly all known
mitochondrialgroupII intron ORFs,while thechloroplast-like clusteris a heteroge-
neouscollectionof all known chloroplastgroupII intron ORFsplusalgalmitochon-
drial ORFsandbacterialORFs.A numberof bacterialORFsdo not have affinities to
eithermajor lineageandareprobablyearlybranching.Thedatagive anoverview of
theexceptionallyhigh degreeof horizontaltransferof groupII introns,mostlyamong
relatedorganismsbut occasionallybetweenorganellesandbacteria.TheZn (nuclease)
domainwaslost multiple timesduringevolution, andis lacking from many bacterial
ORFs. Overall thedataareconsistentwith a bacterialorigin for mobile groupII in-
trons.
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