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Molecular force distribution




MOLECULAR (bio)mechanics — why?
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o
Mechanics of silk fibers QQ

silk molecular structure;:

a ——  —ad disordered
\%;“‘ / sequence

poly(alanine) f~\;~{\:‘b~ ~24 aminoacids

\\’D—’ glycine rich

How has nature designed silk to be tougher than steel? ; :HITS
What is the optimal design for a semi-crystalline polymer?






o
Strain and fracture: force distribution

conventional design tools: new:
force distribution force distribution in biomolecules
in constructions, cars ... e.g. in silk fibers in blood clotting factors

macroscopic structures: microscopic structures:
meters ~ 10° meters

W. Stacklies, C. Vega, M. Wilmanns, F. Graeter, PLoS Comp Biol, 2009 .
W. Stacklies, F. Xia, F. Graeter, PLoS Comp Biol, 2009 HITS
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Forces from MD
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I
Forces from MD
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compare: Newton’s cradle
(from wikipedia)
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Forces from MD
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Application to proteins,
here: internal strain in a structural
component of silk fibers

Compare:
force distribution
in large structures



Mechanics of silk fibers

zigzag pattern of

hydrogen bonds

crucial for stabilization
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Mechanics of silk fibers

stress-strain curve
from Molecular Dynamics
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N
Mechanics of silk fibers

silk molecular structure;:

Design of a semi-crystalline polymer:
interplay of amorphous and crystalline phase!
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N
Mechanics of silk fibers

coarse_graining:
obtain elastic parameters

from these all-atom
simulations
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e
Fiber scale: continuum mechanics

Axial stress (Pa)
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Fiber scale: continuum mechanics
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e
Fiber scale: continuum mechanics

rupture stress at crystals

from molecular scale:
2 GPa
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e
Fiber scale: continuum mechanics
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e
Fiber scale: continuum mechanics
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in agreement with: Hagn et al, Nature, May 2010



Conclusions QQ

silk self-assembles on steel into vertical
beta sheets

force distribution helps to reveal
crucial force-carrying motifs in proteins

lamellar arrangement in fibers is optimal =
' | - e
for mechanical toughness! ~

our approach:

- simple

- transferable

- can be automated

- can guide design of semi-crystalline materials

poly-amides etc
/ i HITS

S. Xiao, BJ 2009, Soft Matter 2010, M. Cetinkaya, BJ 2011, PCCP 2011
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Nano-structured biomaterials
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I
Nacre: aragonite + protein
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Shijun Xiao et al, J. Phys. Chem C, 2011
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Nacre: aragonite + protein
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Nacre: aragonite + flaws

aragonite tablets -
a few tens of nanometers

In height:
> S-S
e
5 = e T

flaws at the nanoscale?
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