Role of SCD protein in the ruminant mammary gland Rumen Mammary gland SCD Milk fat fluidity : FA saturated in the rumen and mammary desaturated in MG Improve milk nutritional quality

• The quantity and composition of diet modulate metabolic pathways and (maybe) the expression of many genes acting in concert • The mechanisms by which nutrients turn specific genes on or off are still poorly understood in ruminants 

••((C18••

  Optimising milk fat content: • Central to improving the nutritional quality of ruminant milk for human • Controlled decrease in milk fat yield has the potential to improve energy balance during early lactation • Lipid supplements used to lower greenhouse gas emissions (Morgavi et al., 2010; Martin et al., 2010; Chilliard et al., 2009) ENICIP, 28-30/10/2013 Nutritional regulation of mammary lipogenesis and milk fat in ruminant: contribution to sustainable milk production • Introduction • Nutritional regulation of milk fat synthesis and composition • Rumen biohydrogenation of dietary unsaturated fatty acids • Mammary lipogenesis -Nutritional regulation of mammary lipogenic gene expression -Mammary bioconversion of long-chain fatty acids and milk quality In most cases "diet-induced milk fat depression" (MFD): Situations where feeding a specific diet or dietary ingredient results in a reduction in milk fat synthesis • Decreases in milk fat yield typically 10-30%, but in more extreme cases can result in more than 50% reduction in milk fat output Nutritional regulation of mammary lipogenesis in the bovine ENICIP, 28-30/10/2013 1) Rich-starch diets 2) High concentrate/low fibre diets + PUFA 3) Rations containing marine lipids Characteristics of diets that cause milk fat depression Changes in rumen biohydrogenation of FA (following section) Presence of PUFA Addition of PUFA ENICIP, 28-30/10/2013 • Positive effects on Animal performance -Increase milk production -Improve energy balance during early lactation and limit body fat mobilisation -Enhance reproductive efficiency and next lactation • Negative effects -Animal health: acidosis -Ressources: high grains and oilseed diets • in competition with human nutrition • high cost -Product: high level of trans-FA and n-6 FA in milk Use of MFD diet as a nutritional management tool ENICIP, 28-30/10/2013 Response of dairy ruminants to 2 types of MFD diets (Boeckaert et al 2008; Loor et al 2005; Rego et al 2009; Angulo et al., 2012) Chilliard et al 2007, Bernard et al 2009, 2010) Hervás et al 2008 ; Toral et al 2010) = Extreme response of goats vs cows ENICIP, 28-30/10/2013 Fatty acids involved in the MFD in bovine • Remind the biohydrogenation theory of MFD: "Mammary synthesis of milk fat is inhibited by unique fatty acids that are produced as a result of the alterations in rumen biohydrogenation." (Bauman & Griinari, 2001) • trans fatty acid tested and outlined for their anti-lipogenic activity: trans-10, cis-12 CLA (Baumgard et al., 2000) trans-9, cis-11 CLA (Perfield et al., 2007) cis-10, trans-12 CLA (Saebø et al., 2005) But cannot explain entirely MFD in cows • Increases in milk trans-10 18:1 are associated with MFD in cows (Shingfield et al., 2010) ENICIP, 28-30/10/2013 Overall targets for altering milk fat composition to improve long-term human health • Decreasing medium chain saturated fatty acids* and increasing cis-9 18:1* concentrations…without substantial increases in trans fatty acids • Enhancing polyunsaturated* fatty acid content • Increasing bioactive lipid* components e.g. 4:0, 15:0 iso, cis-9, trans-11 conjugated linoleic acid (CLA) Cow milk FA composition • Saturated FA (~68% TFA) • Monounsaturated FA (~29% TFA) • Trans-FA (2-6% TFA) • Polyunsaturated FA (~3% TFA) (Jensen, 2002; Chilliard, 2006) Nutritional quality *negative effects (in excess) *positive effects ENICIP, 28-30/10/2013 Nutritional regulation of mammary lipogenesis and milk fat in ruminant: contribution to sustainable milk production • Introduction • Nutritional regulation of milk fat synthesis and composition • Rumen biohydrogenation of dietary unsaturated fatty acids • Mammary lipogenesis -Nutritional regulation of mammary lipogenic gene expression -Mammary bioconversion of long-chain fatty acids and milk quality • Conclusions ENICIP, 28-30/10/2013 Biohydrogenation of unsaturated fatty acids in the rumen • 58-87% of oleic acid is hydrogenated • 70-95% of linoleic acid is hydrogenated • 85-100% of linoleic acid is hydrogenated • Conversion to 18:0 is incomplete and biohydrogenation intermediates containing a trans double accumulate in the rumen ENICIP, 28-30/10/2013 Synthesis of trans-10 fatty acids in the rumen mammary lipogenesis and milk fat in ruminant: contribution to sustainable milk production • Introduction • Nutritional regulation of milk fat synthesis and composition • Rumen biohydrogenation of dietary unsaturated fatty acids • Mammary lipogenesis -Nutritional regulation of mammary lipogenic gene expression -Mammary bioconversion of long-chain fatty acids and milk quality in the ruminant mammary epithelial cell ACC : Acetyl-CoA carboxylase FAS : Fatty acid Synthase LPL : Lipoproteine-lipase SCD : Stearoyl-CoA desaturase GPAT : Glycerol-3-phosphate acyltransferase AGPAT mammary lipogenesis and milk fat in ruminant: contribution to sustainable milk production • Introduction • Nutritional regulation of milk fat synthesis and composition • Rumen biohydrogenation of dietary unsaturated fatty acids • Mammary lipogenesis • Nutritional regulation of mammary lipogenic gene expression • De novo lipid synthesis • Uptake of FA • Desaturation of FA -Mammary bioconversion of long-chain fatty acids and milk quality • cis-9 FA: desaturation ratios Protein : Enzyme activity mRNA of candidate genes (RT-PCR) De novo lipogenesis: ACC et FAS • Uptake: LPL • Desaturation: SCD Measures (methods) Fatty acid composition: ENICIP, 28-30/10/2013 Effect of nutrition on mammary lipogenic gene expression Few data available in vivo and in vitro In vivo studies : • on cows: essentially with extreme dietary conditions* that induce MFD and with post-ruminal infusion studies of t10,c12-CLA • on goats: with more usual dietary conditions (• cis-9 FA: desaturation ratios Protein : Enzyme activity mRNA of candidate genes (RT-PCR) De novo lipogenesis: ACC et FAS • Uptake: LPL • Desaturation: SCD Measures (methods) Fatty acid composition: ENICIP, 28-30/10/2013 Nutritional regulation of de novo fatty acid synthesis in ruminants Diets that induce MFD or trans-10, cis-12 CLA infusion 30-59% decreases of milk C10-C16 secretion Decreases: (i) mRNA abundance of ACACA and/or FASN (ii) enzymes activities of ACC and/or FAS Piperova et al., 2000 Ahnadi et al., 2002 Baumgard et al., 2002 Peterson et al., 2003 Harvatine and Bauman, 2006 Gervais et al., 2009 Angulo et al., 2012 5-32% decreases of milk C10-C16 secretion Diets rich in starch supplemented with plant oils Absence of variation of ACC and FAS (mRNA and enzyme activity) Chilliard et al., 2007 Bernard et al., 2009a,b ENICIP, 28-30/10/2013 Relationships between genes expression and milk fatty acids composition • ACACA mRNA response related to milk C4-C16 yield •Mean/diet: ↓18-32% C4-C16 yield and small variation of m RNA and enzymes activities (ACC and FAS) • de novo lipogenesis : ACACA and FASN ↔ Milk C4Sunflower and linseed oils Individual data: (n=54, from 91 biopsies in 2 LS 3X3) ENICIP, 28-30/10/2013

Bernard et al., 2005a,b; 2009a,b; 2012; Ollier et al., 2009 Peterson et al., 2003* Piperova et al., 2000* Ahnadi et al., 2002* Invernizzi et al., 2010* Harvatine and Bauman., 2006* Angulo et al., 2012* Delbecchi et al., 2001 Mach et al., 2011 Jacobs et al., 2011 Baumgard et al., 2002; Harvatine and Bauman, 2006; Gervais et al., 2009 ENICIP, 28-30/10/2013

• Indirect methods :

-Duodenal and milk FA flows in cows (Shingfield et al., 2007;Glasser et al., 2008) -Inhibition of SCD using sterculic acid in cows (Griinari et al., 2000;Corl et al., 2001;Kay et al., 2004) and in ewes