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Fibrillar Adhesion: Gecko
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Aristotele, Historia Animalum

“It can run up and down a tree in any way,

even with the head downwards,
like the gecko-lizard” (Aristotele, 350B.C.)




Bio-inspired Materials

Dry fibrillar adhesives allow gecko-like robots to climb smooth, vertical surfaces. The NanoRobotics Lab
created a synthetic version of the gecko’s toes, consisting of microscopic fibers with special tips that
allow them to stick to surfaces (courtesy of Wikimedia Commons).
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Xuan Cao et al. Proc Natl Acad Sci U S A. 114 (23): E4549-E4555 (2017)
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DNA, Proteins unfolding
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Molecule Unfolding

® Matthias Rief, et al. Reversible Unfolding of Individual Titin Inmunoglobulin Domains by AFM Science 276, 1109 (1997)

® G. Florio, G.P, Unveiling the influence of device stiffness in single macromolecule unfolding. Scientific Reports 9 (2019), p. 4997

® . Bellino, G. Florio, G.P, The influence of device handles in single molecule experiments, Soft Matter 15, 8680-8690, 2019

® D. De Tommasi, N. Millardi, GP, G. Saccomandi G. An energetic model for macromolecules unfolding in stretching
experiments, ] R Soc Interface 10, 20130651, 2013




Important open questions: elasticity of the adhering layer

Gecko adhesion/decohesion asymmetry Cellular motion and growth
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e Zhanget, Y. et al. Low spring constant regulates P-Selectin-PSGL-1 bond rupture. Biophys. Jour. 95, 5439-5448
(2008).

e G. Florio, G.P, Unveiling the influence of device stiffness in single macromolecule unfolding. Scientific Reports 9
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Important open questions: temperature etfects
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Important open questions: temperature etfects
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Energy: compact notation

_ (1) C 0 )
( wj A (.7 ) 1 0
- 1 NN Jo | . )o
w! =< ... r,ox?=1 ...+, 7=1r 117 S -
‘ ‘j j e “are
s X2 |
n J \ AN \ 0 ) L 1 ;
202 41—y —? 0 ]
‘ — 1 w2+ 1 - X5 —v?
B? = .. | , i=104r
v 2+ 1-x ~v?
_ 0 e W2+ 1-x!
1 . o . £ s gr o
l .
nh(w, w", x', X", Wa, wp) = > (EBJ'wJ cw? +(n-p) - rw,w’ -z.,,,) - §w§,+/\[(l — Xa)WE + x2] + vw?
i=l,r

Variational approach: Griffith

min h(wh, w”, x", X", Wa, ws) — f(wa +wp — 6).

wl ,wr ,Xl ,X" yWa , W

f.... Lagrange multiplier, force applied by the loading device (AFM, ancilla molecule, adhering cell,...)




Equilibrium: Euler-Lagrange equations
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Metastable Configurations: Hysteresis
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Global minima: reversible adhesion

4 )
1| (€b(p) +v?) (Eb(p+1) +v?)
0 = Opax = — , p=0,....,n-1,
#)= e Wp) b+ P
b="b(p):=n-p+a(p). rinn(P)
dp
N\ J
Coherent propagation
( )
0 < Opraz(n—1) if p=n (fully attached)
d€[0maz(P),0Mmaz(p-1)] if O0<p<n (partially detached)
0 > dpraz(0) if p=0 (fully detached).
felfm(P), fu(p)] where  fin(p) :=k(P)ortaz(p),  fre(p) = k(p)dnaz(p - 1).
N\ _J

|

fM (n) ... maximum adhesion force




Maximum delay vs Maxwell conventions
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Adhering stiffness effect
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Hypothesis on gecko adhesion-decohesion asymmetry
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P. Russell, Integrative Functional Morphology of the Gekkotan Adhesive System (Reptilia: Gekkota). Integr. Comp. Biol. 42, 1154 (2002).




Hypothesis on gecko adhesion-decohesion asymmetry

digital hyperextension

At the macroscale the easy
release is achieved through
the localization of the
cohesive region

geckos (A. P. Russell, Integr.
Comp. Biol. 42, 1154 (2002))

frogs (G. Hanna and W.
Barnes, J. Exp. Biol. 155, 103
(1991))

ants (W. Federle and T.
Endlein, Arthropod Struct.
Dev. 33, 67 (2004)) also show
that.

To simplify horizontal walking geckos keep the hyperextended state and start activating the attachment mechanism only
at sufficiently high slope requiring stronger adhesion

(A. P.Russell and T. E. Highman, Proc. R. Soc. London, Ser. B 276, 3705 (2009))




Hypothesis on gecko adhesion-decohesion asymmetry
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Fractal behavior, multiscale modeling
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Device stiffness effect
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Temperature etfects

Partition function
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Temperature etfects
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Temperature etfects
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temperature etfects
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Extensions/on going works

* rate effects

* DNA denaturation

» multiscale modeling, cerebral damage

« multiwells energy: partial unfolding, dislocations, phase transitions

e non local interactions

Thank you for your attentions




