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            Abstract
Flight in insectsâ€”which constitute the largest group of species in the animal kingdomâ€”is powered by specialized muscles located within the thorax. In most insects each contraction is triggered not by a motor neuron spike but by mechanical stretch imposed by antagonistic muscles1. Whereas â€˜stretch activationâ€™ and its reciprocal phenomenon â€˜shortening deactivationâ€™ are observed to varying extents in all striated muscles, both are particularly prominent in the indirect flight muscles of insects1. Here we show changes in thick-filament structure and actinâ€“myosin interactions in living, flying Drosophila with the use of synchrotron small-angle X-ray diffraction. To elicit stable flight behaviour and permit the capture of images at specific phases within the 5-ms wingbeat cycle, we tethered flies within a visual flight simulator2. We recorded images of 340â€‰Âµs duration every 625â€‰Âµs to create an eight-frame diffraction movie, with each frame reflecting the instantaneous structure of the contractile apparatus. These time-resolved measurements of molecular-level structure provide new insight into the unique ability of insect flight muscle to generate elevated power at high frequency.
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                    Figure 1: Experimental arrangement.


Figure 2: X-ray patterns from live flies.


Figure 3: Changes in diffraction features as a function of phase of the wingbeat cycle.
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        Editorial Summary
In-flight movies
Insects fly by flapping their wings back and forth using tiny muscles that are the most powerful motors in the animal kingdom. These muscles exhibit an accentuated form of stretch-dependent activation, a property found to some extent in nearly all muscles. By aiming a narrow, high intensity X-ray beam at the flight muscles of tethered flying Drosophila, Dickinson et al. have measured structural changes directly in an active flight muscle. The resulting data were combined with virtual-reality flight simulation to produce X-ray movies showing the cyclic motion of the molecules that cause the muscles to contract and relax 200 times a second. These results have implications for our understanding of how all muscles, including hearts, function.
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