® Another hierarchical structure—rather likethe
celulosein cdl walls.
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* And also have highly extended chain structures.
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Therole of the muscleisto do work, rather than
simply support stress.

Therate of working isdetermined ultimately by
mechanical variables, but thishasto be matched by
therate of supply of energy.

Muscle congists of thin filaments of actin, and thick
filaments of myosin.

Troponin and tropomyosin sit in between these two,

and can either block or favour binding between them
depending on Ca®* concentration.

troponin tropomyosin

no calcium, troponin-tropomyosin blocks hinding sites

When action potential reaches the muscle membrane,
calcium is released from the sarcoplasmic reticunlum

c‘/“/
|; ; j : |

36



* Theshape of the myosin moleculeisvery complex.
with aglobular head which attachesto along stalk
on the major portion of the myosin molecule;
numer ous heads exist on a single myosin molecule.

» Thehead isflexible and attachesto the actin
molecule, with an energy cost.

* |t can beconsidered aratchet because it detaches
from the binding site on actin after the power
stroke, goes back toitsoriginal orientation, and
attachesto another binding site on actin, further
down the molecule.

» Thisprocessdidesthe actin filament along the
myosin filament and isknown as

1.
Aﬁ"‘: Aﬁ"‘: Aﬁ"‘: Aﬁ"‘:

dir ection of movement of actin on myosin

DP .~ ADP MDP

> aﬁ;f“ Aﬁ; aﬁ"‘: aﬁ"‘:

I |
M echanical Situation
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Each thin filament is coupled to neighbouring thick
filament by cross bridges.

Each cross bridge can exert a maximum for ce of
~5.3pN.

M uscle contracted

Musclerelaxed

33 99 50

o

B

= Tersion Developed

Typibally ~100 cross bridges pulling in same direction

Thisimplies ~530pN at the centre of the filament.
Thistension must be balanced by an equal number of

cross bridges pulling in th eother direction at the
other end of the filament.
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Total force depends on number of attachment points,
and thisin principle can vary during contraction.

With a density of ~5.7 x 10" m™for the filaments
have a (maximum) stress of ~300k Pa.

Typical strain at maximum exertion ~0.25 (lessif the
animal is‘cruising’).

In practice different muscleswork best at different
rates, and efficiency of energy conversion may also
vary and be dependent on fithess, temper atur e etc.

AM Donald 39
Hierarchica Assemblies



Thisisanother ordered and oriented structure
(ligamentsarerather similar).
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In this case the tendons consist of crimped collagen
fibrilsembedded in a proteoglycan matrix.

The collagen isa protein with a sequence of gly-X-pro
along the chain, where X isvariable.
Typical sequence......

7 —Ser—GIy—Pro—Arg—GIy—-Leu—Hyp—GIy-—Pro—Hyp-—GIy—AIa—Hyp—Gly—

Collagen existsastropocollagen, in which 3 of the
molecules wrap around one another.
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The tropocollagen molecules line up with a stagger, to
give a highly oriented structure with a characteristic
repeat.

Therole of the proteoglycan (a polysaccharide with

- —

- - _ For clarity the
- — by = - lateral separation
s — - of the molecules
- _ .- has been grossly
- ---  exaggerated in
this diagram.

.

290 nm — approximate length of the individual
tropocollagen molecule
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64 nm — repetition which gives the transverse banding pattern
seen in the fibre

(i) The three polypeptide chains of tropocollagen:

Only the

N\/\ —C-N—C—C—N—C—--- back-
/ ’\/- bones of the three polypeptide
M chains are shown, going

: | through approximately half a

\ J turn of the triple helix. The
0.87 nm, containing overall diameter of the mole-
approximately 3.3 cule, including amino acid
amino acid residues side chains, is about 1.5 nm.

short chains of protein hanging off) matrix isto
improve mechanical properties, particularly in
compression or shear.

(Notethefibroblasts are cellswhich produce more
collagen).

Thecrimping in the collagen structureisimportant in
giving non-linear mechanical properties.
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In thetoe-region, the crimping is being straightened
out.

The material also exhibits viscoelasticity, and
consequently hysteresis.

Loading Cyela
1

i 2y

Siress

Y

Strain

Figure 14
During eyclic lnading of tenrdon, the stiess-strain curve prad-

ially shifts to the right. Usually, alter 10 cycles, the curves
become guite repestable and steady.
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