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Proteins involved in the biomineralization of shell Proteins involved in the biomineralization of shell Proteins involved in the proper folding of the eggshell matrix An appropriate conformation of proteins is required to ensure calcium and matrix interactions and to ensure template to the mineralized structure

• OC-17 • OC-116 • Ovotransferrin • OCX-32 • Osteopontin • Lysozyme
• OC-17 • OC-116 • Ovotransferrin • OCX-32 • Osteopontin • Lysozyme

• Identification of numerous novel CaBPs

Molecular chaperone Protein assisting folding Proteins with interactive properties related to proteoglycans

Regulation of the activity of proteins related to the shell deposit Shell mineralisation occurs in a non cellular milieu In situ by direct action of proteins to inhibit or activate the molecular actors present in the milieu. Molecular chaperone which can interact with proteins might be involved in this regulation process. Proteases and proteases inhibitors (specific and controlled role during calcification process, either by degrading proteins or regulating processing of proteins into their mature forms)

Eggshell proteins and physical defence calcification process 10/04/14

Egg antimicrobial proteins (chemical defence)
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Immunoglobulins

Yolk IgY most predominant in egg (>1mg/ml). Also IgM and IgA in yolk (20 µg/ml). IgY, IgM and IgA in egg white (10 µg/ml). Evidences for IgD and IgE.

Egg antimicrobial proteins (chemical defence)
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Bacterial proteases = Virulence factors

Physical defense of egg

Determinants of eggshell mechanical properties Identification of new antibacterial proteins

Chemical defense of the egg

Proteases/antiproteases system 10/04/14

  food for humans all around the world Almost perfect nutritional value Cheap and well balanced nutrients Egg = Container for extra-uterine development of the embryo Major source of compounds with a broad range of biological activities Protective systems (Egg natural defenses) -Physical (eggshell as a barrier) -Chemical (molecular defense of the egg, components of innate immunity) Quantification of genes specifically related to the egg yolk, the vitelline membranes, the egg white, the eggshell membranes and the eggshell calcification process Comparison of gene expression in the various segment of the reproductive tract expression analysis and bioinformatics. Jingwen Du a , Maxwell Hincke a, d , Aurelien Brionne b , Christelle hennequet-Antier b , Larry A. Cogburn c , Yves Nys b , Joel Gautron b Submitted activities of the 1174 egg proteins ? Protein families shared conservative domains and signatures which can be representative of their functions Egg proteins grouped in 1062 different Interpro Ids TOP 3 domains Ig-like fold, the most important group (75 egg proteins, 2/3 in yolk and shell) Immunoglobulins Protein folding ? Antimicrobial defence ? P-loop containing nucleotide triphosphate hydrolase (53 egg proteins) Calcium binding proteins (64 proteins, 38% in the shell) Still a lot to do to have a global overview of the represented functions Novel egg proteins and egg defences

•

  A total of 23 proteins with EF-hand and EGF-like calcium binding domains are present in the shellCalcium binding proteins (CaBPs) to interact with calcium to favour crystal nucleation or drive the morphology of crystals

  , S. et al. (2011). Patent "Fraction of proteins and peptides derived from egg white and protein derived from egg white and use thereof as antilisteria agents." WO 2011/151407 A1. the innate immune system (permeabilization of LPS, initiation of inflammation upon infection etc.)Lipopolysaccharide Binding (LBP) and Bactericidal Permeability Increasing (BPI) proteinsHeparin and Lipopolysaccharide binding proteinsOvocalyxin-36 (Gautron et al., 2007) (eggshell and vitelline membranes) Identity and similarity with LBP/BPI and Plunc families proteins (Tian et al., 2010) Binds to the lipolysaccharide (LPS) cell wall of the gram negative bacteria (death of bacteria) Early recognition of bacterial product OCX-36 binds to E. Coli LPS (Correiro, Hincke et al., 2010) Modestly inhibit the bacterial growth of Bacillus subtilis, Staphylococcus aureus, E. Coli, Pseudomonas aeruginosa Other candidates TENP (all compartments) BPIL2 (Egg White, Vitelline membrane) Similar to BPI (Egg white) Egg antimicrobial proteins (chemical defence) 10/04/14 .028 Major components of the calcified eggshell of multiple avian species C-type lectin domain : 110 to 130 residues including four cysteines involved in two disulfide bonds Ovocleidin 17 (Hincke et al., 1995) (eggshell, eggwhite, vitelline membrane) Bactericidal activity against Bacillus subtilis, Staphylococcus aureus and Pseudomonas aeruginosa (Wellman-Labadie et al. 2008)Other candidates(Jonchere et al., 2009, Bourin et al., 2012) Tetranectin (egg yolk) Collagen XVIII (eggshell) DEC-205 protein (eggshell) Mannose binding protein (eggshell, uterus)

27%) Vitelline membranes (66; 15%) Egg white (90; 21%) Eggshell (159; 37%) Ig-Like (74; 32%) Antiproteases (48; 20%) Hydrolases (46; 19%)

  

	C-Type lectin ( 8; 3%)	Antimicrobial peptides (3; 1%)
	Histone-like	Others immune
	(9; 4%)	response
	Chelators	(2;
	(13; 5%)	
	Egg Yolk	
	(117; Heparin /	
	LPS binding	
	(37; 15%)	
		.019

1%) Egg antimicrobial proteins (chemical defence) 10/04/14 .020 Immunoglobulins superfamily (74 in egg) Proteins with Ig-like Domains Widespread

  domain. Ig fold : antiparallel b-strands arranged into two sheets linked by a disulfide bond Various tissue distribution.

	Protein name	Localization
	CEPU-Se alpha 2 isoform	EW, VM, ES
	CEPU-1	EW, VM, ES
	Protein CEPU-1	ES
	Neogenin	ES
	Basement membrane-specific	
	heparan sulfate proteoglycan core	
	protein	ES
	Neuroplastin	Ut
	Pro-neuregulin-1, membrane-bound	
	isoform	EW
	Semaphorin-3C	VM, ES
	Muscle, skeletal receptor tyrosine	
	protein kinase	EW
	Butyrophilin subfamily 1 member A1	Ut
	Basigin	ES
	VH1 protein	ES
	ICOS ligand	Ut
	Beta-2-microglobulin (IR)	ES, Ut
	T-cell surface glycoprotein CD1b4	EW
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.026 Diminish bioavailability for microbes Affect growth and survival of bacteria 

Chelators (13 proteins)

Molecules decreasing bioavailability of irons and vitamins