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Introduction

In most adult fish, the myotomal musculature is usually composed by a superficial thin layer of red fibers and a main mass of white ones. This pattern differs from that observed in skeletal muscle of other vertebrates, whose fibers type are intermingled. The superficial red fibers are associated to slow cruise swimming whereas the bulk of white fibers are used in fast, burst locomotion. An intermediate region that varies in the fiber type composition and in the physiology is between these two main layers (Sanger and Stoiber, 2001). 

Myosin is the most abundant protein in the muscle tissue and it is a molecular motor which produces the force for muscular contraction (Goldspink et al., 2001). Distinct isoforms of the myosin have been described in slow, red and white, fast  muscle fibers, with great variability among the species and developmental stages (Mascarello et al., 1995). 

In general, red fibers express slow isoform of Myosin heavy chain (MHC) I and in the white fibers can express fast isoform MHCIIa or MHCIId or MHCIIb. However, hybrid fibers can express two or more MHC isoforms (Staron, 1991).

We analyzed the pattern of the mATPase activity and the MHC isoform expression in red, intermediate and white fibers, in Brycon  cephalus adults.

Material and Methods

Specimens of B. cephalus adults were sacrificed by MS-222 (3-Aminobenzoic acid ethyl ester - Sigma) anesthesia. Small fragments of red intermediate and white muscle were frozen in n-Hexane, previously cooled in liquid nitrogen (-196°C). Cryostat transverse sections (7 to 10 µm) were submitted to mATPase after acid (pH 4.6) for myosin ATPase characteristic analysis. 

MHC isoform analysis was performed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Six to ten serial cross sections (12-µm thick) were placed in 250 µl of a solution containing 10% (wt/vol) glycerol, 5% (vol/vol) 2-mercaptoethanol, 2.3% (wt/vol) SDS, and 0.9% (wt/vol) Tris HCl for 10 min at 60°C. Small amounts of the extracts (8 µl) were loaded on a 7-10 % SDS-PAGE separating gel with a 4% stacking gel, run overnight (19-21 h) at 120 V, and stained with Coomassie Blue. MHC isoforms were identified according to their molecular mass. 

Results

The histochemical technique for identifying fibers with different myosin ATPase activities, following pre-incubation in acid pH, showed a variable reaction intensity among red, intermediate and white muscle layers. In the red layer, fibers were strongly acid-stable. In white, most fibers were acid-labile, but some acid-stable small fibers were observed distributed among the acid-labile ones. In the intermediate muscle layer, there were three different fiber types distributed in two layers: near to the red layer, the fibers were acid-labile and near to the white layer, there were fibers with weak acid-stable or acid-labile characteristics. 

SDS-PAGE revealed similar myosin heavy chain isoform expression between white and intermediate muscle, represented by a thick single band comparable with the migration pattern of mammalian MHC I. In the red muscle, there were two slight bands comparable with the migration pattern of mammalian MHC I and MHC IIb.

Conclusion

There was not a correlation between m-ATPase activity in muscle fibers from the red, white and intermediate muscle layers and the MHC expression pattern. 

A co-migration between MHCs may explain the single band in the white and intermediate layers that contains two and three fiber types, respectively. The presence of one fiber type in the red layer shows that these fibers express two MHCs. Our results revealed the existence of chemical composition differences between the MHCs in red, white and intermediate muscle layers. 

The expression of the different isoforms is related to the variations in the contractile properties of the muscle fibers during  locomotory  activities.

References

Goldspink, G., Wilkes, D. and  Ennion, S. 2001. Myosin expression during ontogeny, post-hatching growth, and adaptation. In: Muscle development and growth. Johnston, I.A., Academic Press, Califórnia., 18: 43-72.

Mascarello, F., Rowlerson, A., Radaelli, G., Scapolo, P.A. and Veggetti, A. 2001. Differentiation and growth of muscle fibers in the fish Sparus aurata (L).I. Myosin expression and organisation of fibers types in lateral muscle from hatching to adult. J. Muscle Res. Cell. Motil., 16: 213-222.  

Sanger, A.M. and Stoiber, W. 2001. Muscle fiber diversity and plasticity. In: Muscle development and growth. Johnston, I.A., Academic Press, Califórnia., 18: 187-250. 

Staron, R.S. 1991. Correlation between myofibrillar ATPase activity and myosin heavy chain composition in single human muscle fibers. Histochemistry, 96: 21-24.

Acknowledgements

FAPESP, Proc. 02/02700-5.

PAGE  
126

