Skeletal muscle

 movement (locomotion, manipulation): voluntary 
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  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)

Fibres types /•

  physical activityIn cattle, according toTotland et al. (1991),Picard et al (2002) In cattle TB: m. triceps femoris Ra: m. rectus abdominisOury et al., 2009Mean cross section area of fibresMethodsDIFFERENT METHODS BASED ON • functional tests (speed of contraction)• metabolic criteria (the type of energy metabolism) o speed of energy utilization during contraction o main 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 the muscles the less tender have the higher % of IIX fibres and the lower % of slow I fibres

  

  

  

  

  

  

  

  

  

  

  

NEFA TG ATP Aerobic Acetyl CoA Krebs CO 2 VFA Ketone bodies OXIDATIVE Glycogen ATP Myosin Globular head tail 4 Light chains 2 Heavy chains (MyHC) Embryonic : E Neonatal or fetal : F Slow: I Fast: IIa, IIb, IIx Contraction Anchorage, tension, traction Several isoforms ATP-ase activity « Adult » isoforms Developmental isoforms I (slow) IIA IIX (fast) IIB Embryonic Fetal α-cardiac Extra occular (exoc) emb IIA IIB IIX Fet exoc Chr. 12 β=I α Chr. 7 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  Adaptated to rythm changes

 Variability in beef tenderness originates from genetic polymorphisms and modulation of gene expression according to rearing conditions.

 Beef tenderness is a complex phenotype (post-mortem expression). Identification of relevant markers at the DNA or protein level is ongoing.

 The next challenge is to integrate the knowledge and develop detection tests for desirable animals to ensure proper breeding programmes or management systems. 

Toward less invasive markers

The plasma perfuses all tissues 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.