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The calcified avian eggshells

Physical protection
Ultrastructure and genetic variations,
Genetic traits inherited under the environnmental pressure

A biomineral full of antimicrobial molecules

Distribution in the shell and roles during egg life cycle
Dual role of matrix proteins (eg ovot, lyz and OCX-32)

Shell/skeleton dialog
Molecular, vesicular and cellular mechanisms

Metabolite and immunity in biominerals



The physical protection

Ultrastructure and genetic variations,

- Strong evidences that the structural

organization of avian eggshell is under
genetic control

Polymorphisms of specific shell proteins
(ovalbumin, ovocleidin-116, ovocalyxin-32)
partially explain variations in certain eggshell
properties (i.e., eggshell thickness, crystal size,
crystal orientation, eggshell mechanical
properties)

A total of 118 QTLs associated with shell strength

ANIMAL GENETICS muiegiuithems "

doi:10.1111/].1365-2052.2011.02280.x

Genetic variation in eggshell crystal size and orientation is large and
these traits are correlated with shell thickness and are associated
with eggshell matrix protein markers

I. C. Dunn*, A. B. Rodriguez-Navarro®, K. Mcdade*, M. Schmutz®, R. Preisinger®, D. Waddington*,
P. W. Wilson* and M. M. Bain*

ANIMAL GENETICS mpmmes o ceneic

doi:10.1111/}.1365-2052.2010.02131.x

Quantitative trait loci affecting eggshell traits in an F, population

M. Tuiskula-Haavisto*, M. Honkatukia*, R. Preisinger', M. Schmutz', D. J. de Koning®, W. H. Wei®
and J. Vilkki*

*MTT Agrifo wrch Finland, Biotechnc
9-11, PC Cuxhaven, €

Cus Roslin Institute and R(D)SVS, University of Edinburgh
Midlothian UK. *MRC Human Genetics Unit, Western Ge

reral Hospital Crewe Road, Edinburgh EH4 2XU, UK

Toward a selection of haplotypes with higher strength quality
(genomic selection, candidate gene approach) ?



The physical protection

Genetic traits inherited under the environnmental pressure

Breaking strength




The physical protection

Genetic traits inherited under the environnmental pressure

Gallus gallus Meleagris gallopavo Numida meleagris Sankofa pyrenaica



The physical protection

Genetic traits inherited under the environnmental pressure

Phylogenetic analysis of life-history adaptations
SHORT COMMUNICATION : in parasitic cowbirds

The evolution of host-specific variation in cuckoo eggshell strength

Cowbirds (Molothrus) are obligate brood parasitic birds, that lay their eggs in nests of other bird species. The
hosts provide all parental care to the parasitic eggs, chicks and fledglings.

Obligate brood parasitic birds are known for their greater eggshell thickness
* Intraspecific competition amongst parasite birds (frequently peck and puncture of other eggs laid into
the nest)
* limit shell damage when rapid lay on elevated position
* Prevent damage from attempts by hosts to pierce-eject parasitic eggs

Increased thickness, but also variability in shell microstructure = Increased eggshell mechanical properties.



The physical protection

Genetic traits inherited under the environnmental pressure

Eggshell cuticles containing vaterite nanospheres have been noted (but not
studied) on eggshells of six species including the double-crested cormorant
(Phalacrocorax auritus), emperor penguin (Aptenodytes forsteri), great frigatebird
(Fregata minor), hamerkop (Scopus umbreta) and smooth-billed ani (Crotophaga
ani) (Mikhailov, 1997). The majority of these species incubate eggs in wet
environments, where microbial abundance is likely high (D’alba et al., 2014)

Available online at www.sciencedirect.com

ScienceDirect C B P

Comparative Biochemistry and Physiology, Part B 149 (2008) 640—649
www._elsevier.com/locate/chpb

... the presence of more potent
antimicrobial proteins in the eggshells
of cavity-nesting versus open cup-
nesting Anseriform species

Antimicrobial activity of the Anseriform outer eggshell and cuticle

Olivic bslav Picman, M Il T. Hincke *




The physical protection

Genetic traits inherited under the environnmental pressure

& 2014. Published by The Company of Biologists Lid | The Joumnal of Experimental Biok 3 E)BIO|OgIStS

RESEARCH ARTICLE

Antimicrobial properties of a nanostructured eggshell from a
compost-nesting bird
Liliana D'Alba'*, Darryl N. Jones?, Hope T. Badawy®, Chad M. Eliason' and Matthew D. Shawkey'

“The presence of nanoscale spheres
composed of calcium phosphate, renders
the eggs hydrophobic, decreases bacterial
attachment and is most likely the major
component preventing trans-shell
penetration

This modified surface also appears to limit
bacterial adhesion...”




A biomineral full of antimicrobial molecules

O URMHNAL o F

AGRICULTURAL AND
FOOD CHEMISTRY

Anti-microbial activity observed in
eggshell extracts (Mine et al. 2003) Eggshell Matrix Proteins as Defense Mechanism of Avian Eggs

Identification of antimicrobial

Identification and localization of lysozyme as a component

Ovotransferrin is a Matrix Protein of the Hen Eggshell proteins into the shell oshell membranes and eggshell matrix
Membranes and Basal Calcified Layer

M.T. Hincke**, J. Gautron”, M. Panheleux", J. Garcia-Ruiz®, M.D. McKee®*,
Y. Nys”

J. GAUTRON?, M.T. HINCKE®, M. PANHELEUX®, ] M. GARCIA-RUIZS, T. BOLDICKE® and Y. NYS®

e ST Highly concentrated in the cuticle
Ovocalyxin-32, a Novel Chicken Eggshell Matrix Protein R R R R
—> to avoid bacterial penetration during eggshell
formation?

ISOLATION, AMINO ACID SEQUENCING, CLONING, AND IMMUNOCYTOCHEMICAL LOCALIZATION
Joél Gautroni, Maxwell T. Hincke$",
Marc D. McK y E. Solomon**, and Yves

Available online at www.sciencedirect.com

ScienceDirect R 5 : 2 Highly concentrated in the lower part of the shell
p———emIT N | B Yo (membranes and mmmillary layers)
- : - to protect the developing embryo when shell

Recombinant eggshell ovoc

activity of the glutathio rase fusion protein 2
Fic. 2. Immunohistochemistry to localize the 32-kDa protein co m po ne nts a re ma d e SOI u ble H

Jun Xing *, Olivier Wellman-Labadie , Joel Gautron ®, Maxwell T. Hincke ** n eggshell matrix. Shell was decalcified/fixed and paraffin-embedded




A biomineral full of antimicrobial molecules

AGRICULTURAL AND
FOOD CHEMISTRY

Anti-microbial activity observed in
eggshell extracts (Mine et al. 2003) Eggshell Matrix Proteins as Defense Mechanism of Avian Eggs

MATRIX
Identification of antimicrobial

proteins into the shell

Ovotransferrin is a Matrix Protein of the Hen Eggshell
Membranes and Basal Calcified Layer

Identification and localization of lysozyme as a component
of eggshell membranes and eggshell matrix

J. GAUTRON? M.T. HINCKE®, M. PANHELEUX®, J.M. GARCIA-RUIZS, T. BOLDICKEY and Y. NYS®
M.T. Hincke**, J. Gautron®, M, Panheleux”, J. Garcia-Ruiz®, M.D, McKee®*,

Multi purpose roles




Shell/skeleton dialog

Molecular, vesicular and cellular mechanisms

Calcium

Metastable
calcium sources

Ca5(PQ43(OH) Ca5(P0O4)3(OH)

Chicken
biominerals

Hydroxyapatite Hydroxyapatite

Role of CAM to solubilize the shell
CAM and osteoblasts ?
CAM and immune cells ?



Metabolite and immunity in biominerals

Fish and Shellfish Immt
Contents lists available at
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journal homepage:

Full length article
Immune-responsive gene 1 (IRG1) and dimethyl itaconate are involved in
the mussel immune response

M. Sendra, A. Saco, M. Rey-Campos, B. Novoa , A. Figueras

h (IIM), National Col , Eduardo Cabello 6, 362(

Metabolomics (2019) 15:97
https://doi.org/10.1007/s11306-019-1556-8

ORIGINAL ARTICLE

Targeted metabolomics to investigate antimicrobial activity of itaconic
acid in marine molluscs

Thao Van Nguyen' - Andrea C. Alfaro'
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Itaconic acid inhibits growth of a
pathogenic marine Vibrio strain: A
metabolomics approach

Thao Van Nguyen®, Andrea C. Alfaro!, Tim Young?, Saras Green?, Erica Zarate®
& Fabrice Merien®




