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Mechanics of single molecules

A comparison of the mechanical properties of proteins,
polysacchandes and gold nanowires



2t o
Fi
n
(b)
i
-
20 mm
(<)

L (nem) 528 803 108 132 1644 1024 FROT M4BT

100 pN




Igor Demonstration of actual data
and 1ts analysis with models
of polymer clasticity
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Reverse Engineering of Titin

Hypothesis: Muscle elashcity results from the nano-mechanics of tiin

Expenmental design: examine the mechanical architecture of indivaidual
titin modules, add up their extensibility and scale to whole tissue.



Muscle can contract and also can extend elastically
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Unfolding forces (pN)
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Summary of elastic properties of I band titin

PEVEK
Unfolding | Folding | Kuhn length (nm) Unfolding Folding distance
rate (s'1) | rate(s) distance (nm) (nrm)
Proximal Ig| 3.3x10°3 0.33 20 (folded) 0.25 >
domains 0. Tlunfolded)
MN2B unique —_ — 1.2 (random coil) — —
sequence
PEVK . A 1.8 (random coil) S —
segment
Distal Ig 8x10> 123 20 (folded) 0.25 2.2
domains 0. 7(unfolded)
Unfolding 1.0x102 107 _ 0.33 0.33

intermediate of
distal Ig domains




1.- Use the FJC model to calculate the extension of titin segments

F _ Fl
e% X Iy=L. 1 .S
FJC{ ) s (ka

X

where L. 1s the contour length, w/(Fl/k:.T) is the Langevin fimction and where the Kuhn length /.= 2p.

2.- For a given constant force, calculate the extension of each segment

FE e FE
x(F}Pm.ﬁ'ﬂﬂf Lﬁﬂd{d (F) H( kb; ] " L . (F) H[kb TJ
LM% (F)=N(1-P,(F))-4.4nm

["Pled(F )= NP, (F')-32.5nm

3.- Add up the extension of all four segments

‘I{F}I—bﬂuﬁ = I(F)prnn'umf +‘x(F)'J'3.E + I(F)PEFK + x(F)ffr'.ﬂ‘nf



titin segment extension (nm)
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end-to-end length of elastic titin
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Mechanical stability 1s
topology dependent
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Figure 24-7 A polyubiquitin chain (A) is generated on a pro-
tein to target it for degradation in the proteasome by sequential
conjugation of ubiquitin (8), shown in ribbon diagram.
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The mechanical design
of polysaccharides
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A sugar ring has two stable conformations

Chair conformation Boat conformation




If we mechanically stretch a sugar nng, 1t gets longer by switching
from a chair to a boat conformation
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Table 1. Ab initio calculation of the separation of glycosidic oxygen atoms during chair-

boat transitions.
Calculated Experimental*
F=0 F =
(A) (A) (A) 0,0] o
Amylose ;34 4. 533 5.408 0.875 16.2 16.8+1.8 (n=11)
Dextran 14 4412 5.696 1.284 22.5 15‘_5;2.1 (n=23)
Cellulose . 4 5.417 5417 0 0 0 (n=29)

* The table compares the distance between glycosidic oxygen atoms, in the relaxed (F=0)
and stretched conformations, (0,0-0,0,7"/ 0,0 , with the experimentally measured
extension of the contour length, (/,-f2) e, The experimental values for /., and /...

were obtammed from the fits of the FIC model to the force-extension curve before and after

the plateau region (thin lines in Fig 3B).



Mechanical propertics
of a gold nanowire
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Mesoscopic materials have similar mechanical properties




