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In a contracting muscle, arrays of the dimeric motor 
protein myosin II pull the actin filament towards the 
centre of the sarcomere (the structural unit of the 
striated muscle) during cyclical ATP driven 
interactions. When the external load is smaller than the 
array force, the sarcomere works as a motor, converting 
metabolic energy into mechanical work; when the 
external load is larger than the array force, the 
sarcomere acts as a brake resisting the load with 
reduced metabolic cost. Due to the regular arrangement 
of molecular motors in striated muscle, X-ray 
diffraction is the best structural technique for imaging 
muscle contraction at molecular level. The high spacial 
resolution of the third generation synchrotrons 
(European Synchrotron Radiation Facility, ESRF, 
Grenoble, France and Advanced Photon Source, APS, 
Argonne, IL, USA) allows to record the fine structure of 
the meridional reflection originating from the 14.5 nm 
axial repeat of myosin motors, showing that the 
reflection is split in two peaks by the X-ray interference 
between the two arrays of myosin motors in each 
sarcomere [1]. Using the interference effect, the motion 
of myosin motors can be directly measured with 
subnanometer precision [2, 3].  

Here we use sarcomere-level mechanics and X-ray 
interferometry in intact single cells from the skeletal 
muscle of the frog (Rana temporaria), to investigate the 
molecular basis of the work production and the braking 
action of muscle. During isometric contraction, each 
motor bears a force of about 6 pN. During shortening 
against high and moderate loads, the number of myosin 
motors reduces in proportion to the external load, while 
individual motors maintain a force of 6 pN pulling the 
actin filament through a 6 nm stroke [4].  

Rapid stretches of 1-5 nm between each overlapping 
set of myosin and actin filaments in a muscle sarcomere 
cause the stiffness of the array of  myosin motors to 
double within 2 ms [5]. Simultaneous X-ray interference 
changes indicate a rapid attachment to actin of the 

second motor domain of the myosin molecules with the 
first domain already attached to actin [6]. This 
mechanism explains the ability of active muscle to 
efficiently resist a sudden increase in load.  
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