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            Abstract
Translation by the ribosome occurs by a complex mechanism involving the coordinated interaction of multiple nucleic acid and protein ligands. Here we use zero-mode waveguides (ZMWs) and sophisticated detection instrumentation to allow real-time observation of translation at physiologically relevant micromolar ligand concentrations. Translation at each codon is monitored by stable binding of transfer RNAs (tRNAs)—labelled with distinct fluorophores—to translating ribosomes, which allows direct detection of the identity of tRNA molecules bound to the ribosome and therefore the underlying messenger RNA (mRNA) sequence. We observe the transit of tRNAs on single translating ribosomes and determine the number of tRNA molecules simultaneously bound to the ribosome, at each codon of an mRNA molecule. Our results show that ribosomes are only briefly occupied by two tRNA molecules and that release of deacylated tRNA from the exit (E) site is uncoupled from binding of aminoacyl-tRNA site (A-site) tRNA and occurs rapidly after translocation. The methods outlined here have broad application to the study of mRNA sequences, and the mechanism and regulation of translation.
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                    Figure 1: 
                        Translation in ZMWs.
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Figure 2: 
                        Monitoring translation by fluorescent tRNA-binding events.
                      [image: ]


Figure 3: 
                        Real-time translation at near-physiological concentrations.
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Figure 4: 
                          A-site sampling on ribosomes stalled at the stop codon.
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Figure 5: 
                          Monitoring the dynamic tRNA occupancy of translating ribosomes.
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A single ribosome in action
Single-molecule studies allow biological processes to be examined one molecule at a time, as they occur. Here, Uemura et al. have utilized single-molecule approaches with a recently developed technique known as zero-mode waveguide detection, which concentrates reactions in zeptolitre-sized volumes (a zeptolitre is 10−21 litre) to examine real-time translocation by the ribosome. With this set-up, they are able to follow binding of tRNAs to the ribosome and find that tRNA release from the E and A sites is uncoupled.
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