
© 1996 Nature Publishing Group  http://www.nature.com/nsmb• comment 

494 

resultant freeing of trapped ribo
somes (ref. l, H. Himeno and A. 
Muto, personal communication). 
How does tmRNA fit into the ribo
some to function first as a tRNA, 
and second as a mRNA? 

tRNA and 
mRNA both in 
the same 
molecule Previously, pairing of the 5' and 

3' ends of tmRNA has been pro
posed to result in the formation of 

Sir-The recent discovery of single a tRNA acceptor stem with 
protein monomers synthesized sequences close to the 3' end having 
from two messenger RNAs due to the potential to form a TljiC-like 
ribosomes switching from one stem-loop4•5• On the basis of 
mRNA to anotherl,2 raises provoca- sequence comparisons from ten 
tive mechanistic issues. The rele- different microorganisms, we find 
vant feature of the first mRNA is that there is a strong sequence con
that it lacks a stop codon 1, while the servation in many parts of the mol
second mRNA is lOSa RNA (the ecules and, focusing on the 3' and 5' 
suggested name is tmRNA), a small ends, we have extended the struc
stable non-ribosomal RNA found tural analogy of tmRNAs with 
in a wide variety of procaryotes3.4. tRNAs to one of full mimicry. A 
The proposed model is that variable loop, an anticodon stem
tmRNA, aminoacylated with ala- loop and a D stem-loop are pro
nine, enters the A site of a ribosome posed (Fig. 1), so that the overall 
stalled at the 3' end of an mRNA shape of the ends of the molecules 
that lacks a terminator, and donates should allow them to fit into the 
alanine to the nascent peptide. It ribosomal A-site. In these tRNA 
then functions as mRNA with analogues, the proposed anticodon-
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like branch varies in sequence, but 
its secondary structure can be 
maintained. [In most cases a con
served uridine is located at a posi
tion analogous to that of the u33 

residue in canonical tRNAs, needed 
for a correct folding of the anti
codon loop (U-turn)]. With geom
etry resembling that of canonical 
tRNAs, tmRNAs may fill the decod
ing site on the small subunit. Varia
tion of the anticodon sequences 
suggests that their identities are 
unimportant-perhaps not sur
pnsmg since codon-anticodon 
pairing presumably does not occur. 
The predicted 'variable loop' 
sequence, 5'-GGAC-3', is con
served in tmRNAs, and could inter
act with some ribosomal 
components to facilitate the folding 
needed for its subsequent function 
as mRNA. However, there is a con
served sequence on tmRNAs 65 
nucleotides 5' of the variable loop 
which could pair exactly through a 
tertiary interaction (in one case, 
covariation is seen). We conclude 
that a full tRNA-like structure likely 
forms for subsequent aminoacyla
tion and recognition by the ribo
some. How the tmRNA performs 
its second function, as mRNA, is 
hard to envision-perhaps there is 
a different structural conformation 
in which the coding domain is fully 
accessible for translation. Probing 
the structure of tmRNA, should be 
informative. 
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