Metabolic pathways Fibre Anaerobic Glucose Pyruvate Lactate Glucose GLYCOLYTIC

Keywords: IIa, IIb, IIx Contraction Anchorage, tension, traction

Skeletal muscle

 movement (locomotion, manipulation): voluntary Mean cross section area of fibres

QTL analysis of type I and type IIA fibres

• In soleus muscle in a cross between LG/J and SM/J mouse

• LG/J and SM/J strain divergently selected for large and small body size, respectively

• 3 significant quantitative trait locus (QTL) affecting CSA for type I and type IIA fibers mapped to chromosomes (Chr) 1, 6, and 11

• 3 suggestive QTL for percentage of type I fibres mapped to Chr 2, 3, and 4

• Within each significant QTL, regions of conserved synteny were also implicated in variation of similar traits in pigs 

Methods

Choosing the most accurate technique

• Reveal the contractile type by immuno-histochemistry using anti-MyHC antibodies and the SDH activity on serial sections (Picard and al., 1998): distinguish the hybrid fibres, and get information on the cross section area of each fibre type

• Not relevant for high throughput phenotyping (large numbers of animals)

• Detect contractile type using electrophoresis of MyHC and metabolic type by assaying metabolic enzymes

MyHC-IIb is the predominant motor protein in most skeletal muscles of rats and mice

The mRNA for this isoform is only expressed in a very small subset of specialized muscles in adult large mammals, including humans.

Is IIb MyHC expressed in cattle?

Picard 



  posture and body position  stability of the joints (tendons)  reserve of proteins  role in the oxidation of nutrients  maintenance of body temperature (85% body heat, chill) sarcolemma)  cytoplasm (sarcoplasm): incl. glycogen, myoglobin  post-mitotic nuclei  mitochondria  endoplasmic reticulum : differentiated (sarcoplasmic)  cytoskeleton (myofibrils)

Fibre
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for a review: Schiaffino and Reggiani, 2011 Two gene clusters Example for pig muscle MyHC isoforms slow Fibre types I I/IIA IIX IIA IIA/IIX Hybrid Hybrid CLASSIFICATION I IIA IIX Speed of contraction Slow Fast Fast Metabolism Oxidative Oxido-glycolytic Glycolytic Fatigue resistance High High Low Glycogen Content Low High High Lipid Content High High Low Vascularization High High Low Sprint   Fast IIX fibres  using glycogen Jogging, ski, distance runner   Slow type I fibres  using lipids Alternating sprint/endurance   Fast oxido-glycolytic IIA fibres  Using both carbohydrates and lipids  Adapted to rhythm changes
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Caroll et al, 2012. Frontiers in Genetics

Toward less invasive markers

The plasma perfuses all tissues of the body and thus may contain information on physiological mechanisms and performance.

In livestock animals, plasma proteomics is a promising strategy to identify biomarkers of the potential of meat production.

Search for plasma markers

Take-home messages

• The skeletal muscle tissue is a specialized tissue but heterogeneous in structure.

• The muscles are characterized by their contractile and metabolic properties (isoforms of contractile proteins, preferential metabolic pathway).

• They are involved in different types of movements (fast or slow, short or endurance effort).

• The muscle characteristics can explain only one third of variability in Beef quality (tenderness). Biomarkers are identified for development of « diagnostic » tools.