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            Abstract
Export of messenger RNA occurs via nuclear pores, which are large nanomachines with diameters of roughly 120 nm that are the only link between the nucleus and cytoplasm1. Hence, mRNA export occurs over distances smaller than the optical resolution of conventional light microscopes. There is extensive knowledge on the physical structure and composition of the nuclear pore complex2,3,4,5,6,7, but transport selectivity and the dynamics of mRNA export at nuclear pores remain unknown8. Here we developed a super-registration approach using fluorescence microscopy that can overcome the current limitations of co-localization by means of measuring intermolecular distances of chromatically different fluorescent molecules with nanometre precision. With this method we achieve 20-ms time-precision and at least 26-nm spatial precision, enabling the capture of highly transient interactions in living cells. Using this approach we were able to spatially resolve the kinetics of mRNA transport in mammalian cells and present a three-step model consisting of docking (80 ms), transport (5–20 ms) and release (80 ms), totalling 180 ± 10 ms. Notably, the translocation through the channel was not the rate-limiting step, mRNAs can move bi-directionally in the pore complex and not all pores are equally active.
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                    Figure 1: 
                        Super-registration precision and detection of nuclear mRNA.
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Figure 2: 
                        Dwell times of β-actin mRNA at the NPC.
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Figure 3: 
                        Binding sites of mRNAs at nuclear pores.
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Figure 4: 
                        NPC topography of mRNA export.
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Nuclear pore complexes selectively transport cargoes across the nuclear envelope. Now, two studies published in this issue follow the movement of single cargo proteins (Lowe et al.) and mRNA transcripts (David Grünwald and Robert Singer) as they translocate across the nuclear envelope, with nanometre precision and high temporal resolution. They discover previously unidentified transport sub-steps and provide fundamental insight into the mechanism of selective transport through the nuclear pore complexes.
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