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Muscle LIM protein (MLP, also known as CRP3) is a member of the evolutionary conserved 
cysteine-rich protein (CRP) family and striated muscle specific. It consists of two LIM domains, 
which serve as protein binding interfaces, and is found inside and outside of the nucleus. Besides 
cytosolic and nuclear location, MLP is found in the muscle sarcomere located at the Z-disc and the 
M-line and has presumably structural and regulatory function. MLP is thought to be a binding 
partner of α-actinin and T-Cap in the Z-disc of striated muscle sarcomeres.  

     

Figure 1: (Left) A single, chemically permeabilized fiber of mouse skeletal muscle was stained with an anti-
MLP antibody (green) and with an anti-myomesin antibody (red) which labels the M-ljne of the sarcomeres. 

A longitudinal optical section through the fiber was taken by laser scanning confocal microscopy. MLP-
specific fluorescent labelling is clearly visible in/near the Z-disc. (Right) Filament spacing (D(actin-myosin)) as a 
function of radial compression of fibers with increasing concentrations of high molecular weight dextran. 

For this analysis equatorial diffraction patterns were recorded from arrays of 10-15 single M. vast. lat. fibers 
under relaxing conditions both at low (50mM, triangles) and high (220mM, squares) ionic strength. Means 
± SEM; MLP-W4R (red symbols), n= 6 fiber arrays of 2 mice; WT (blue symbols), n= 6 fiber arrays of 2 

mice. 

Using an MLP-specific antibody [1] we found MLP located mainly at the Z-line of the sarcomere of 
single fibers from mouse Musculus vastus lateralis (Fig.1, left) [2]. Faint labelling could also be 
detected at the M-line. Mutations in MLP like an exchange of arginine for tryptophan at position 4 
(W4R) were found to be associated with myopathy in heart and skeletal muscle in humans [3-5]. In 
addition, MLP-W4R knock-in mice showed myopathic changes in skeletal muscle. The missense 
mutation MLP-W4R is located in the T-Cap binding region near the first LIM domain. 
In our present project we addressed the question whether the MLP-W4R mutation is associated with 
functional and / or structural changes of skeletal muscle fibers which could explain the myopathic 
phenotype of patients and mice with this mutation. Our hypothesis is that MLP in striated muscle is 
a central element in the structural organization of the cytoskeleton of striated muscle besides its 
regulatory role e.g., in myogenesis [1].  
Our biomechanical studies on single, chemically permeabilized fibers of M. vastus lateralis from 
MLP-W4R-knock-in mice showed that in comparison to wildtype, MLP-W4R muscle fibers have a 
significantly lower relaxed fiber stiffness and a lower passive force-sarcomere length curve. No 
significant changes of isometric force generation, cross-bridge kinetics and shortening velocity were 
found in MLP-W4R mice. It was, however, not clear whether the observed changes were due to 
structural deficits in structural integrity of the sarcomere or rather to changes in titin elasticity, e.g., 



by a shift in titin isoform composition or titin phosphorylation, which all could affect passive fiber 
stiffness. Since fiber stiffness in axial direction was affected by MLP-W4R, possibly due to changes 
in structural integrity of the sarcomeres, we asked whether the mutation might also affect the radial 
stiffness of the cytoskeleton of the sarcomeres.  

The best way to address this question is to record equatorial X-ray diffraction patterns of M. vastus 
lateralis fibers from MLP-W4R-knock-in mice and from WT controls and to determine the spacing 
of the two innermost equatorial reflections (d1,0) under osmotic compression of the fibers. d1,0 is the 
distance of the 1,0 plane of the equatorial (muscle cross-sectional) lattice and is a measure for the 
lattice spacing. We recorded equatorial diffraction patterns from muscle fibers under relaxing 
conditions at different ionic strength. To find out whether MLP-W4R affects radial stiffness, the 
fibers were osmotically compressed with different concentrations of high MW dextran (2%-8% of 
500kDa Dextran) and resulting changes in actin-myosin distance were calculated from the peak 
spacings in the equatorial intensity profiles (Fig.1, right) [6] 

Data analysis revealed a similar resistance to radial compression of muscle fibers from mice with 
MLP-W4R-knock-in and WT fibers (Fig.1, right) [7]. This indicates that the mutation does not 
affect radial stiffness of the fibers. However, since we could not analyze the Z-line reflection in the 
equatorial profiles at different dextran concentrations, a specific effect on the Z-line properties can 
at present, not entirely be excluded.  
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