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            Abstract
Kinesin is a molecular walking machine that organizes cells by hauling packets of components directionally along microtubules. The physical mechanism that impels directional stepping is uncertain. We show here that, under very high backward loads, the intrinsic directional bias in kinesin stepping can be reversed such that the motor walks sustainedly backwards in a previously undescribed mode of ATP-dependent backward processivity. We find that both forward and backward 8-nm steps occur on the microsecond timescale and that both occur without mechanical substeps on this timescale. The data suggest an underlying mechanism in which, once ATP has bound to the microtubule-attached head, the other head undergoes a diffusional search for its next site, the outcome of which can be biased by an applied load.
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                    Figure 1: 
                        Example optical trapping records.
                      [image: ]


Figure 2: 
                        Stepping behaviour.
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Figure 3: 
                        Average time course of forward and backward steps.
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Figure 4: 
                        Model.
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        Editorial Summary
Kinesin: step this way
Kinesin molecular motors are the nanometre-scale machines that are the major agents of large-scale self-organization inside cells. The kinesins move along tracks called microtubules, dragging cellular cargoes to various destinations. In a study using improved optical trapping techniques, kinesins are shown to move along microtubules by a walking mechanism, much as a tightrope walker moves along a wire. And surprisingly, kinesin can walk backwards.
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