0 1998 Oxford University Press

The tmRNA Website

Kelly P. Williams* and David P. Bartel

Nucleic Acids Research, 1998, Vol. 26, No. 1 163-165

Whitehead Institute for Biomedical Research and Department of Biology, Massachusetts Institute of Technology,

9 Cambridge Center, Cambridge, MA 02142, USA

Received September 10, 1997; Accepted September 25, 1997

ABSTRACT

tmRNA (also known as 10Sa RNA) is so-named for its
dual tRNA-like and mRNA-like nature. It is employed in
a remarkable trans-translation process to add a C-
terminal peptide tag to the incomplete protein product
of a broken mRNA; the tag targets the abnormal
protein for proteolysis. tmRNA sequences have been
identified in genomes of diverse bacterial phyla,
including the most deeply branching. They have also
been identified in plastids of the ‘red’ lineage. The
tmRNA Website (http://www.wi.mit.edu/bartel/tmRNA/
home ) contains a database currently including se-
guences from 37 species, with provisional alignments,
as well as the tentatively predicted proteolysis tag
sequences. A brief review and guide to the literature is
also provided.

tmRNA STRUCTURE AND FUNCTION

tmRNA-directed tag sequence causes degradation of tagged
proteins in the periplasm and in the cytopla&B).(Tagging can

be directed to proteins translated from ‘broken’” mRNAs, i.e
MRNAs whose reading frame has no stop codon, demonstrated
in vivoby placing a terminator of transcription inside the reading
frame of a target genéJ).

In thetranstranslation model for tmRNA actiori®): (i) the
ribosome, having translated to the end of a broken mRNA, signals
entry of the tmRNA into its A site, (ii) the nascent polypeptide is
transferred to the alanyl residue that charges the tmRNA, which
becomes the parenthetical residue of the (A)ANDENYALAA
tag, (iii) the broken mRNA is replaced at the decoding site by the
tmRNA reading frame, and (iv) translation resumes at a specific
codon of the tmRNA and stops normally, yielding a substrate for
proteolysis. Thus tmRNA promotes the destruction of the
abnormally short products of broken mMRNAs in bacteria.

The tmRNA genessrA has been grossly disrupted in three
differentE.coli K-12 strains $,14,15) and another mutant alters
a single but important base of the mature tmRNA that determines
tRNA(Ala) identity (15,16). All these mutants are viable, but

The bacterial RNA with the provisional biochemical designationyiyerse phenotypes have been noted whose relationships are
10Sa (12) was renamed tmRNA3(4) when its combined |nclear 5,13-18).

tRNA-like and mRNA-like properties were recognized. A

half-tRNA structure, With a cpaxia_\lly stacked T stem—loqp a_n‘é:ONSTRUCTION OF A tmRNA DATABASE

acceptor stem—tail, was identified in tmRNA upon determination

of the ends of thEscherichia colandBacillus subtilianolecules  To better understand the structure of tmRNA and the unusual

and comparison with other available gene sequeig@s the  aspects ofranstranslation, we have attempted to identify and

CCA tail is not always fully encoded in the genome, but hasollect all available tmRNA sequences in a single resource. This

nonetheless been found at ther®d of theB.subtilistmRNA (6).  was especially important since public files containing tmRNA

The acceptor stem has the simple identity elements of tRNA(Algequences have not all been identified, and several are present

(7,8), and tmRNA is alanylateth vitro andin vivo (5). The  only in smaller genome-dedicated databases.

secondary structure BfcolitmRNA was revealed by phylogene- The computer programs Bladtd) and PatScan (R.Overbeek)

tic analysis 9) and by chemical probind.(). A long disrupted have allowed the identification in sequence databases of many

stem (P2) exits the tRNA-like domain, capped by a large loopnRNA genes from diverse bacterial phyla, including the deepest

composed of a pseudoknot, the tag reading frame with the stphylogenetic branches. Comparative sequence analysis revealed

codon in the loop of a hairpin, and a string of three pseudoknotbat heE.coli secondary structure model generally fits distant
Coding by tmRNA was revealed in a careful study of theelatives. The new sequences indicate that the long P2 paired

smaller products that accumulated at low abundance durimggion Q) is more general than an alternative propas3l (The

overexpression of a foreign genekrroli (11). The series of paired regions in tmRNAs from thermophilic species exhibit

proteins were all truncated to a different extent at the C-terminusends found in RNase P RNAs from thermophiled:(G-C

and all had the same C-terminal peptide tag (A)ANDENYALAA richness, reduced non-Watson—Crick pairing and fewer disrup-

unrelated to the overexpressed gene. The reading frame for all babs. Although only two cyanobacterial sequences are currently

the parenthetical alanyl residue of the tag was found B.ttedi  available, covariations suggest that the downstream pseudoknot

tmRNA sequence. Knowledge of the determinants of susceptibit replaced by two directly apposed pseudoknots. tmnRNA genes

ity to an E.coli protease 12) led to the finding that the have been found in three plastids of the ‘red’ lineage (from a red
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The tmRNA Website was prepared and is uurulu:d by KLJ.lL‘&.IlLI.i.IIJ.‘. Comments, w ‘:’mi:iiﬁ:’;ﬂm
suggestions, and data are weleome. E-mail: . Feel free 1o A shloconlis d cvinalles el o
download images (click and save). I‘ru.uﬂ:ﬂ.mn\ and publications benefitting from| &4 oreptasts and cyanciles ; "
i database should cite Willams and Baccl 1998, The WRNA Wehsic Earsbyh purpicea HIATEEINCREON®, -
N ids R i Odontelly sinensis {A) ANNLISSVFESLSTRONSLNLSFAY
3 {A) ATHIVRPHREAAFAY
Sequences: Available altogether in a single FastA format file or as a text file PURPLE BACTERIA
with spacing as in the Alignment. or individually for each species, with links to bela subdivision 1
original database files and references for sequence data, Lower case RNA qﬁlﬂﬂmﬂmﬂmﬂ reading frame not sequenced
sequences indicale hases thought to encode the proteolysis tags, and hases of the 22U LLL B NN (A} ANDETYALRA
¥ CCA tail not encoded in the genome but presumed 1o be added enzymatically, Alcaligenes eutrophus (A} ANDERYALA
Putative proteolysis (ag sequences are given in gne-legter aminoe acid code. The gamma subdivision
first alany] residue, in parenthesis, is not encoded in the reading frame bul is 4 1S S (A ANDINYALAR
thought to come from the charged 3’ end of the imRNA, according to the Legienella poeumophila {A) ANDENFAGGEALAR
IRNA(Aly) identity features found universally among tmRMAs. Tag assignments Pseudomonas aeruginusa (A ) ANDDNY ALAR
are highly speculative; only the E. coli tag is known from protein sequencing, Marinobacter hydrocarbonoclasticus {A) ANDEHYALAA
Pseudoalieromonas haleplanktis {A) ANDDHYSLAA
: GIF file of provisional alignment, intended 1o highlight secondary Vibrio cholerag {A) ANDENYALAA
structural elements (color-coded to match home page diagram) rather than as a Aeromongs salmonicidy {A) ANDENYALAA
secure primary alignment. Species names are given in three-letter abbreviation, Escherchia coli {A) ANDENYALAR
phylogenetically arranged (see Seguences list); lines to the left denote Haemophilus influenzae {A) ANDEQYALAA
phylogenetic clustering. Data from :11u!||rulr strains are combined in a single entry delta subdivision
for each species, using for base degencracy; delta indicates Desulfovibrie desulfuricans {A) ANNDYDYAY AR
an insertion in one of multiple strains. The twelve P designations and the four psi epsilon subdivision
designations refer to paired and pseudoknotted structural elements respectively, 1cobacter pylord {A) VENTDYAPAYAKAR
Note that the standard three-pseudoknot siring (psi2-4) is thought to exist as four wnidentified
pseudoknots in Cyanobactena, and is currently unmodeled for chloroplast Unidentified 01 {A) ANDEGFALAA
SCOUEnCEes. Lmdentified 02 {A) ANDSNYALAR
s . ) iy Unidentificd 03 {A) ANDERFALAA
Thanks: Liane Fredel, Fran Lewitter, Eric Roche, Bob Saver Unidentified 04 [ A) ANDETYALAA

- . Marinobacter hvdrocarbonoclasticus imRNA tm RNA
Allgl’lment (GIF and text fllES) Predicied Proteolysis Tag: (A)JANDENY ALAA REViEW

Pl Pla P2h 2l P3 P4 b P31 | Imernal partial of strain ATCC -I'MHU U6E0FT from =
T QRS- - ANOGOGUUCTACOOGRAMIGANGL - - - -COCCUOGAANCCaNGORINGE- - vebceacen- powes | Williams and Bartel, 1996 RNA 2 (12), 1306-1310 | Querview
I?cn G- ARADGGUC UCGACORORAII0CC - - - ~ACGACUDGCUTCOCOCRIENE- - DROGenUCs- (AN L0V

Dra = ACCTGOUUUCGACAGGRGAATUGA - - - - AGGUGALGIUCCTAGANTINGG - - DGOTGIRIGG - COIASS : 10 b 0 . in . 40 . 50 - e Fe .
TS - ARAGEULLCGACUICGOBCAUCT - - - AMICAMGOCAACCOUBORIIINET AGCANSASAEEAN | GrrnriGACGAR COLUGGEIGEANGCGAGALGAGCaARDcuoGUAs | MBNA-Like Action
AUCCANRAGCUGCAADTUIAALAGIC g Cans COACTAAA ACUACICACURDC oleplysis 2gi
Approximate locations of secondary structural fsatures _PJ goeaURAGCDGUUCCASUCRICTIGGEaAGGooruamacucaziace | Model for Action

Pl Pl ARCAUCCCAGGACGUCALCGEVIMIMGGCUGCUCORUUICACCAGAGUCA | Secondary Struclure
RERIEN) = ANCORA RGN CUGFRIGIICHGCUANGALIARMGAGCUCGCCUCUNECACCCUGACEUNCG | Phvlogenetic Disidbution

GG - AARCGGUC IO T ACGOGE AN GO0 GHUCGTUDGAGCUUAALIC AAUAGANGGACACUAAGCANUIGUAGACTUCAA g e .I!' .
ACOCGEUUUCGRCAGEARUGA AGFIGADGUUGCGUNIGNGG - - DHOCGULGSE G| GECCURGIGT DGGOGEACTOGE um UEIIIFtI!'
ARMGGUULICGACTRICGOGCALCG- - - ARUICARGOCARSC UG TOGUGC ABGTAAGAGACTATCG

Figure 1. The tmRNA Website. The home (upper left) and other pages from the website are shown, with links in blue and underlined.

alga, a diatom and a colorless alga), but not yet in any of the gremmrently considered so unclear as to preclude secondary structure
lineage (green algae and higher plants). Primary alignment of tpeediction, however it can be noted that these regions in plastids
plastid sequences in the three-pseudoknot string region ase by far the shortest known, which is puzzling in light of the
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apparent expansion to four pseudoknots in their closest bacteWdLKNOWLEDGEMENTS
relatives. tmRNA genes have not yet been found in Archaea or
eukaryotic nuclei or mitochondria.

tmRNA primary sequence is most conserved at the termi
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