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Abstract In the intergenic regions of théscherichia coligenome there are 356
REPelements, containingi12 repeated sequence®h degenerated consensus.
Their biological role is poorly understood, but multiplicity in the genome,
preferential localization between convergent genes and ability to form hairpin
structures have led to the assumption that HERents participate inhé
transcription termination and processes affecting stability of the corresponding
RNAs. Though the direct experiments did not confirm the ability ofstidied
REPsequence to stop RNA syntheaisdsome ambiguity regarding their primary
functionstill exists In this study, positional and functional analysis was undertaken
for the entire set of annotated RE€guences and the reduced efficiency of RNA
synthesis behind the many RE®dules was observefor all thatsome REP
modules did notffect the pocessivity ofRNA synthesisassuming their read
through transcriptiomndfurther possibilityto be involvedn the regulatory events.
We also observed RE#Ssociated transcription activation and found overlapping
promoters. The most unexpected was spediistribution of REPsequences
nearby thepromoter islands which assumesan insulatoidike action of these
sequencesmaintaining transcriptionalautonomy of theislands and indicakes
functional significance aheislandborn RNAs
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INTRODUCTION

Repetitive elements of 285 base pairs (bp) in length containing inverted sequences
capableo fold in stable secondary sttures were found in the genomes of eubacteria in early
1980s and named as REPs (Repetitive Extragenic Palindromid) [ddnsensus sequence
wi t h t he context: GC(g/t)GATGGCG( g/ a) GC( g
has been proposed for these elemeft® number of such repeats in the genomg.ofoli
according to different estimates and criteria range from 500 to 1006. prevailing
association of RERlements with the ends of genes gave rise to multiple speculations
concerning their physiologicable, mechanisms of acquisition and evolution [Rjus, the
ability of REPs to form hairpin structures in the RNA molecwbswed consideringsuch
motifs as potential transcriptional attenuators or terminators if they are located in the
transcribed regios of thegenome.Such a function has been verified experimentally and it
was demonstrated that the sequence of-BERent by itself, being a part of template for
RNA synthesis, is not capable to block transcription elongation U&ler convincing

"Ozoline@rambler.ru



MARKELOVA et al.

eviderces were obtained indicating the ability of REP motifs for promoting Rhe-
dependent attenuatiord]] However, predestinationof RERelements todetain or stop
transcription is still open.

Considerable efforts have been made to reveal the role ofeRERNts in maintaining
the mRN/As stability and in their protectiofrom degradation by 3'5'exonucleasefsi 8]. A
suggestion that the hairgiformed in RNA may serve as a steric hindrance for migration of
exonucleasewas a rational basis to consider thiabdizing role d the structureforming
motifs. But thesesame hairpiacanalso be targetdby endonucleases thdestroy the doubte
stranded RNA®r singlestranded loopwithin the hairpin (RNAse E)creatng the 3‘ends for
subsequent hydrolysis by eXmonucleasesTherefore,the assumption thaRERelements
perform protective function against nucleases was initially controveiigakertheless, both
in vitro andin vivo evidences were obtained indicatiaglecreasef mRNAs half-life upon
deletion of REPelemens from the 3‘terminal untranslated regions [6Thus, the concept
implying the predominant function of RES2quencas mRNA protectors remained viable for
over two decades.

The ability of selfcomplementary motifs in the structure of REIEmens to bind DNA
gyrase, led to the assumptiofitheirinvolvementin the modulation of DNA topological state
[9]. DNA gyraseinteracting withhairpin stemmay cause relaxation of the DNA positive
supercoils naturally accumulating near ther®s of transitbed genes and suppressing the
expression of the downstream genes [RBP-elements with high affinity to topoisomerases,
if located between successive genes can reduce this tearsidacilitate the downstream
RNA synthesis [11]

With the accumulationof the whole genome sequences far wide spectrum of
microorganisms, an opportunity to search for similar elements in otharibaahdto carry
out acomparative evolutionary analysis appearBois analysis has begrerformed for the
repeated sequencisthe genomes of 66 bacterial species aimvedto classifyREP motifs
according to the context of conservative tetranucleotide blocks at-#re$'(GTAG and
CGTC families) [12].Thenucleotidesequence of thieairpinforming palindrome appeared to
be much more varidé. It has been found thahe genomes of eubacteria are enriched by
REPs of GTAGtype, thoughtheir number in pathogenl€. coli strains is almost twice lower
than that in free living nopathogenic bacteriaf the same speci¢$2]. This difference may
indicate some interference dREP-elementswith assimilation andor expression of toxic
geneslt is important to note that the way by which REIEments appeadin the genomes
remains the least understood. Thought the assumption iofetkigansion within the given
genome due to gene conversion, occurring with a certaiudrey as a consequence of
recombination events, is quite realisttowever, it has not beatocumentedxperimentally
and does not explain the specific localizattdfiRERelements in intergenic loci.

Thus the experimental data as well as theoretical considerations had not yet allowed
formulaing a holistic view on the biological role of REffements and the mechanisms of
their origination, functioning and evolutiorn the present study whave attemptedo
integrate new expression and genomic data with available information concerning the REP
elements by focusing attention on ithdisposition relative to known genesd ontheir
location in respect to promoters offdrent functional types.

METHODS AND ALGORITHMS

Genome ofEscherichia coliand sets of REPsequences

The nucleotide sequencd the Escherichia coliK12 MG1655 E. col) genomeand the
coordinates of RERelements were taken from the NCBI GenBank (NC 90@03).Positional
analysisrelativeto the neighboring genes was performed for all 356 annotated REP elements
and for 224 samples most similar to the consensus RESquace

t2

Mathematical BiologyndBioinformatics. 206. V.11 Suppl.doi: 10.17537/206.11.t1



RERELEMENTS OF THE ESCHERICHIA COLI GENOME AND TRARIETION SIGNALS

GCCGGATGCGGCGTGAACGCCTTATCCGGCCTACGA €2 OE 03¢e®). The length of
annotated REfnodules varies from 14 to 767 .ophe sequences in theecond set raged
from 25 to 36 bpPositional analysis wagerformedto estimatethe distance between the
nearesborder of RERelementandthe beginning or ehof a neighboring gene.

Sets of promoter regions and positional analysis

Three gts of promoter regions were used for comparative positional analysis of annotated
RERelements and the transcription initiation sit€ne of them was composed of 404
promotes with experimentally mapped trscription start points (TSPsS)o make the size of
this set comparable to the number of R&&ments, only those known promotevere
selected that accordinge gul on DB [ 13] %-RNA polymerasgand doead by
have an%-demendent prométer neardyERelements were searched within the range
o f 308l bp around these TSPEhe second compilatiowas comprisedof 51 regulatory
regions with 26 promoters located on both DNA strands and initiated RNA synthesis in
opposite directions (a set of divergent promotet#fortunately, two genomic regions
containing FEP elements between divergent genes were excluded from this set since only one
TSP wasexperimentally mapped in intergenic spac&he third set included 43#nixed
promoter islandselected earlier [14] and fitted the criteria that at least 8 potential &Ii8Ps
predictedin each slidingwinde of 100 b p36a bp.The algotittmuRlatPOmuU
[15] was used in this case to search for potential T8Rgnores the context of conserved
elements recognized by thesubunits of RNA polymerase antherefore is able to detect
promoters of alli-factors.Only those potential SPswere considered as significant signals if
their scores exceeded the background lbyadt least4 StD f < 0.00004).The average size
of these regions was 660 bfhe search of REP elements for the last two sets araied out
inside the promoter regions and within 300 bp area, flanking them on bothT$idasapping
of potenti al p r o iRNAepplymerase foroggnesapa,eychjAabdypuuf
was performed using PlatProm as it was described previously [16]

Functional analysis

To evaluate the ability ofa transcriptioncomplex to overcomethe potential barrier
createdby the hairpins of RERelemens we usedthe expression data obtained with high
density microarrays in [17]The probe®f thesemicroarraysare 50 nucleotidesn length and
represent both strands of the entire genomg&.ogoli covering it with 25 bp overlaplhe
expression efficiency of any genomic locus can be estimated from the signal intensity of
hybridization between the microarray probed #norescently labeled DNA copies of cellular
RNASs (Eexp). Hybridization signals obtained from fragmentetlA were used athe control
values for normalizationEge). A generallyaccepted parametdog, R, whereR = Ecxy/Egen

was usd as ameasureof the transcription efficiencyThe pointto point intensities of the
hybridization signals over 1250 bp before the end of the-&&Rent and 250 bimereafter

reflecting the number of RNAs transcribed in tiwaole genomic region were ued to

evaluate theinfluence of REPRmMotifs on transcriptional reatthrough. To reveal the
characteristic trend in the transcription efficiency over the 1500 bp redienplitained
profiles of hybridization signalswere aligned tathe far downstreamboundaies of REP

elements.

Searching for regions homologous to REfelements

Multiplicity of the RERelements in the genome suggests the possibility RER
containing RNAsmay form duplexes witltomplementarysequences in other RNAs or in
bacterial chromosomeélo search for such targetear functional promoters armmtomoter
islandsin the genomeof E. coli K12 MG1655 (NCBI accession nurmd NC_000913.3
Microbial BLAST (NCBI) [18] was used. The complete nucleotide sequence of each
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