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FUNCTIONS #Manage mechanical wear #Manage tension
#Modify material characteristics #Prevent deformation

5% 83 HFAL HEFNLNEEETE PREP A R FPFL A PE T
B M

(The byssal threads of mussels display both hardness and extensibility
thanks to sacrlfICIaI cross Ilnks in the outer cuticle.)
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2010)

The marine mussel's byssal threads can dissipate up to 70% of the energy it absorbs. These
threads are elastomeric fibers that enable the mussel to attach to hard surfaces.

“Matthew Harrington, a researcher who worked on the project---explains the motivation
for studying the byssus cuticle: 'Protective coatings are important for prolonging the lifetime of
materials and devices. However, considering that hardness and extensibility are seldom coupled
in engineered polymers or composites, understanding how one protects a flexible substrate
becomes quite important.’ Byssal cuticles have a knobby appearance due to inclusions of
submicron-sized granular structures in an apparently continuous matrix. Submicron-sized tears
that form in the matrix during stretching of the cuticle are believed to hinder the formation of
larger cracks that could lead to material failure.

Central to understanding the peculiar mechanical behaviour of the cuticle are the high
concentration of iron ions in the cuticle and the presence of an uncommon modification of the
amino acid tyrosine known commonly as dopa. Dopa is found at high concentrations in the main
cuticle component, mussel foot protein-1 (mfp-1). Dopa is distinguished from typical amino
acids due to its impressive affinity for complexing with transition metal ions, particularly iron.
As Admir Masic, a scientist at the Max Planck Institute for Colloids and Interfaces who worked
on the project, explains, 'when 2-3 dopa residues complex with a single iron ion, they create an
incredibly stable complex that can be utilized to cross-link structural proteins.' These
metal-protein complexes have a high breaking force (nearly half that of covalent bonds), but
unlike covalent bonds they are reversibly breakable, making them ideal for creating sacrificial
cross-links.” (Science Daily 2010)

< j31* (REFERENCES)

TR S T R AFE Y ket 2 2% £ & (hidden length) AR R i B E
A Ko v g B 4244 (energy-dissipation mechanism) » % g3 e 4 4L el
Hirtr o o]z 3 100 eV i & % 4% (entropy) % 3% % 2 (enthalpy) » 4 AL 5 4&
PG G A R R kA SO R MR A BV P RR S S R b
RER BV AR AS RN o RPMESREFRET E D Ft LA
w1 a Ry g fFF{E o (Fantner 2006:1411)

CREVUEE O S FL G vih e Tk T A RHE GBI R LRV
FAREEAE 0 RS R A 20 ? R AT BB DR G FIRR AR
R Zwm o HY 73 2§ 552k pe %= 34-dihydroxyphenylalanine ( 3 = ) 122 g8+ > £
HEZ GBS SRk AT FRRFIHAIEE L L PR AP REERPE
& 2% ik (in situ resonance Raman spectroscopy) #£ 7 7 K5t & FA chi- F e TR 1 &

=




AL~ BikG ¥ FFHELGOFPRBE P TATNREF L H - APER
- BRI E R S B ARG B R B ARG T R A 6
BpfrER 0 R 4BIER] 4o 5e T 4 B 14 - (Harrington et al. 2010:216)

“Sacrificial bonds and hidden length in structural molecules and composites have been
found to greatly increase the fracture toughness of biomaterials by providing a reversible,
molecular-scale energy-dissipation mechanism. This mechanism relies on the energy, of order
100 eV, needed to reduce entropy and increase enthalpy as molecular segments are stretched
after being released by the breaking of weak bonds, called sacrificial bonds. This energy is
relatively large compared to the energy needed to break the polymer backbone, of order a few
eV. In many biological cases, the breaking of sacrificial bonds has been found to be reversible,
thereby additionally providing a 'self-healing’ property to the material.” (Fantner 2006:1411)

“The extensible byssal threads of marine mussels are shielded from abrasion in wave-swept
habitats by an outer cuticle that is largely proteinaceous and approximately fivefold harder than
the thread core. Threads from several species exhibit granular cuticles containing a protein that
is rich in the catecholic amino acid 3,4-dihydroxyphenylalanine (dopa) as well as inorganic ions,
notably Fe3*. Granular cuticles exhibit a remarkable combination of high hardness and high
extensibility. We explored byssus cuticle chemistry by means of in situ resonance Raman
spectroscopy and demonstrated that the cuticle is a polymeric scaffold stabilized by
catecholato-iron chelate complexes having an unusual clustered distribution. Consistent with
byssal cuticle chemistry and mechanics, we present a model in which dense cross-linking in the
granules provides hardness, whereas the less cross-linked matrix provides extensibility.”
(Harrington et al. 2010:216)
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