Intracellular molecules: Cytoskeleton, DNA...

Intermediate

Microfilaments  Microtubules filaments

Images of microfilaments, microtubules, intermediate filaments, and DNA removed due to copyright restrictions.

DNA



Another view
of the Cell:
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Commons license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.
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Cells Synthesize 100s of Extracellular Matrix Macromolecules

Pericellular H Territorial Interterritorial
dlycoproteins collagens

Collagen Il and XI

Collagen Xl

,¢“.l‘l"'l‘.’*‘.'."‘\';“...‘ -‘{‘

Collagen Il and Xl Matrilin-3

PRELP

Syndecan

Collagen IX

Asporin

0°°0 e

Fibromodulin

Hyaluronan

Fibulin
non-collagenous proteins

(Dick Heinegard, Nature Revs. Rheumatology 2010)

© Wiley. All rights reserved. This content is excluded from our Creative Commons license. For more information, see |http://ocw.mit.edu/help/faqg-fair-use/
Source: Heinegard, Dick, and Tore Saxne. "IThe Role of the Cartilage Matrix in Osteoarthritis." Nature Reviews Rheumatology 7, no. 1 (2011): 50-6.
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Mechanics—Biology: Organ, Tissue, Cell, & Molecular Levels

Images removed due to copyright restrictions.




Collagen fibrils (from sciatic nerve)

Images removed due to copyright restrictions.

(AJ Hodge, electron microscopy; Textbook, page 17)




How much Force is required to stretch a typical
strand of DNA by 10% of its contour length?

kgT =4 pN+*nm
L,=350 nm
R/L_.=0.01

L.=15 pm

F=12?



100 -

|
» deDNA |
EEEinterpdatad
DNA extension -- Z° et
()]
O "
A . O
Best fit is with L
“‘worm-like chain”

Extension (X/L) sa

Force versus extension data (red crosses) for L phage dsDNA

{48,502 bp) pullad by magnatic beads in 10 mM Na* buffer [4]. The data
are fit to a WLC model sclved numencally (WLC exact) or using Equation
3 (WLC interpolated), both assurming P =53 nm. The HC curve assumes
b = 2F = 108 nm. The Hooke's law force curve &= from Equation 2,

Bustamante et al. 2001

Courtesy of Elsevier, Inc., |http://www.sciencedirect.com. Used with permission.
Source: Bustamante, Carlos, Steven B. Smith, et al. "Bingle-molecule Studies of
DNA Mechanics." Current Opinion in Structural Biology 10, no. 3 (2000): 279-85.
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Collagen fibrils (from sciatic nerve)

Images removed due to copyright restrictions.

(AJ Hodge, electron microscopy; Textbook, page 17)




Collagen structure E}(repeating peptide triplet)

|
(a) Typical sequence [ \

prlmary Gly-X-Y-Gly-Pro-Y-Gly-X-Hyp-Gly- Pm pr

. * 10 -

tertiary "

(d) Molecule

N 9— l

300nm T

_______________________________________________________________1_5_"_111 __________

(e Fibrii qUaternary -

nm

* « [ » * . :J * * * + L—‘ * *
0.6} - — 0.4

(Textbook, page 16) (molecules quarter staggered; X-links)

© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/faqg-fair-use/.
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Work leading up to "announcement" of Structure of Type | Collagen:

November 12, 1955 NATURE

THE STRUCTURE OF COLLAGEN

\ By Dr. ALEXANDER RICH* and Da. F. H. C. CRICK

Medical Research Council Unit for the Study of the Molecular Structure of Biological Systems,
Cavendish Laboratory, Cambridge

ERY recently, Ramachandran and Kartha! have
made an important contribution by proposing a

colled-co1l 8 ure for collagen. e believe this

idea to be basically correct but the actual structure

Euﬁgﬂatﬂd by them to be wrong.
—— -1 — — - —

[ [ T - ,‘,7!,,,

We believe this structure to be wrong for two
reasons. (1) It is stereochemically unsatisfactory. In
particular, there iz a8 very short C,—C, contact of
3-3 A. (normally 3:6-4-0 A.) and an extremely short
Ca—0 contact of 2:6 A. (normally 3-2-3-5 A.). In
addition, the hydrogen bond angles are on the out-
side limit of the walues usually found. (2) It is not
compatible with recent work? on the amino-acid
sequence, which shows that

—gly—pro—hypro—

© Nature Publishing Group. All rights reserved. This content is excluded from our Creative Commons license.
For more information, see |http://ocw.mit.edu/help/fag-fair-use/.
Source: Rich, Alexander, and Francis Crick. "[Che Structure of Collagen." Nature, no. 176 (1955): 915-916.
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The Amino-acid Composition and Titration Curve of Collagen

By JOANE H. BOWES anp R. H. KENTEN
The British Leather Manufacturers’ Research Association, London, S.E. 1
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Fig. 2. Titration curves of collagen with and without sodium chloride.

© The Biochemical Society. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.
Source: Bowes, Joane H., and R. H. Kenten. “h’he Amino-acid Composition and Titration
turve of Collagen." Biochemical Journal 43, no. 3 (1948): 358.

COO- + H* <> COOH

N
H3 5 J'\.'IH2 + g+

(Textbook, page 18) - - -
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The Collagen Superfamily

Ricard-Blum et al., Top Curr Chem, 2005

@ ‘08

20 » XXX Sept ‘07
.............................................................................................. o XXVIII Feb ‘06

25 -

Genome Sequencing XX-XXVII

1 DR P PN e

s | cDNA Cloning

10 4

Biochemistry e

Number of Collagen Types

D L I L I > I L 1 N I 3 I ! I ¥ I L |
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Years

Fig.1 Discovery of the collagen super family members: a 50-year story

© Springer-Verlag Berlin Heidelberg. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see |http://ocw.mit.edu/help/fag-fair-use/.
Source: Ricard-Blum, Sylvie, Florence Ruggiero, and Michel van der Rest. "[The Collagen

ISuperfamin." In Collagen. Springer Berlin Heidelberg, 2005, pp. 35-84.
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How do cells make collagen molecules and regulate
“fibrillogenesis” ??

Monomer (single «-chain)

NG
Triple-helical domain (Gly-X-Y moti) domain |

75 ~1,400 aa 23083
NC1 interactions initiate type IV protomer formation

1) Synthesis of pro-a chain — =)

Hydroxylation of o
selected prolines ’

and lysines Y_VEH
3) Glycosylation of selected \;«; o _“%
hydroxylysines

H MNwrurms L ATatet uy\,.--l COOM

4) Self-assembly of three e /
pro-o. chains ’

formation

pnd Role in Tumour Angiogenesis." Nature
Reviews Cancer 3, no. 6 (2003): 422-33.

Collagen fibril

ER/Golgi Compartment

f = ﬂﬂfﬁ. 20-300 :m
OHggy OH 7‘1 v ,-—J&R& j ,ﬁ,@
)}'J" ﬁ'\l\ &) ..mH \ ﬁ SHOHOR *
i- DHOHOH Procollagen Caﬂagen T
olecul Cla&ﬁg& molecul Salf-assambl
Collagen fiber
Secretory vesicle Plasma membrane _ i
0.5-3 um _.‘:_i-_'-'f: SRR
* mm

g regation of collagen fibrils
rm a collagen fiber

© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see |http://ocw.mit.edu/help/faq—fair—use/.

- QOoNoH Courtesy of Macmillan Publishers Limited.
. ' . —f’"é‘( » "‘:ﬁ* Used with permission. Source: Kalluri, Raghu.
5/ Procollagen triple-helix T oM "Basement Membranes: Structure, Assembly
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QST

Corneal Stroma

(normal: top; cataract: below)

Human Intervertebral Disc

-

(Text book page 241)

Tendon Fibers
~200 nm diam

Courtesy of Rockefeller University Press. License: CC BY-NC-SA.
Source: Canty, Elizabeth G. "[oalignment of Plasma Membrane
l:hannels and Protrusions (fibripositors) specifies the Parallelism

bf Tendon." The Journal of Cell Biology 165, no. 4 (2004): 553-63.

28 nm diam [ TEM, Karl Kadler:;
embryonic chick tendon, JCB '04)

© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.

15


http://ocw.mit.edu/help/faq-fair-use/
http://dx.doi.org/10.1083/jcb.200312071
http://dx.doi.org/10.1083/jcb.200312071
http://dx.doi.org/10.1083/jcb.200312071

L

L
COWs

c

9

E &
L)
g

"
¥
-

|

(Hunziker+, 2007)

(Text book page 241)

Courtesy of Elsevier, Inc., Ihttp://www.sciencedirect.com. Used with permission.

Source: Hunziker, E. B., et al. "I'I'he Structural Architecture of Adult Mammalian Articular
I:artilage Evolves by a Synchronized Process of Tissue Resorption and Neoformation
during Postnatal Development." Osteoarthritis and Cartilage 15, no. 4 (2007): 403-13.

Collagen Architecture
in Articular Cartilage
(Rabbit)

Electron micrographs of the interterritorial matrix of articular
cartilage from the medial femoral condyle of an eight-month-old
rabbit removed due to copyright restrictions. Source: Figure 3 in
Buckwalter, J. A. and J. J. Mankin. |Articular Carilage: Part I." The
Journal of Bone and Joint Surgery 79-A, no. 4 (1997): 600.
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Table 1 Collagen o chains, number of amino acids (aa),
signal peptide, viWC von Willebrand factor C domain, FNII

Collagen o chain

Number of amino acids

ocl(T)
o2(1)

1464 (includes 22 aa SP)
1366 aa (includes SP)

ol (IDA
ol (1B
ol (111)
al(IV)
o2(IV)
a3(1V)
ad(IV)
a5(IV)
a6(IV)
al(V)

a2(V)
]
[
[

\

1487 aa (includes 25 aa SP)

Same as al(I)A but lacks vIWC

1466 aa (includes 23 aa SP)
1669 aa (includes 27 aa SP)
1712 aa (includes 25 aa SP)
1670 aa (includes 28 aa SP)
1690 aa (includes 38 aa SP)
1685 aa (includes 26 aa SP)
1691 aa (includes 21 aa SP)
1838 aa (includes SP)

1499 aa (includes SP)

v

ol (XX1)
ol (XXI1I)
ol (XXI1D)
ol (XXIV)
ol (XXV)

ol (XXVI)
ol (XXVII)
ol (XXVII)

Collagen Superfamily: Types | — XXVIII

Nomenclature:
o-chains

of the different

collagen types

057 aa (includes 22 aa SP)
1626 aa (includes SP)

540 aa (transmembranous)
1714 aa (includes SP)

654 aa (transmembranous)
Isoform 2 is 642 aa

439 aa (includes SP)

1860 aa (includes 41 aa SP)
1125 aa (includes SP)

(Gordon & Hahn, Cell Tiss Res, 2010)

© Springer-Verlag. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see |http://ocw.mit.edu/help/faq—fair—use/.
Source: Gordon, Marion K., and Rita A. Hahn. "[Collagens." Cell and Tissue Research

339, no. 1 (2010): 247-57.
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Quarter stagger

“Fibrillar”

overlap of trimeric l
collagen molecules

‘

L

————
——

!

Genes conserved from sponges to humans

e [T —

Col I, 1I, 11l V, XI

Collagen forms
fibrils,
networks, other

=—— L

thick fibrils

thin fibrils

aggregates...

Type IV (network) Collagen: Basement mem

“FACIT” Col IX, XII, ...

short forms

long forms
type IX collagen

AR W W

type Xll collagen
(]

N-terminus

%

R Flexible

kink

RN, A
Type IX

type XIV collagen

NN

aland a2(lV)
a3, a4, a5, a6 (IV) chains
=200 aa

trimeric molecule

a chain 3 a chains assembling
supramolecular aggregate

chicken wire-like network

(Gordon & Hahn, Cell Tiss Res, 2010)

© Springer-Verlag. All rights reserved. This content is excluded from our Creative

Commons license. For more information, see |http://ocw.mit.edu/help/faq—fair—use/.
Source: Gordon, Marion K., and Rita A. Hahn. "Collagens." Cell and Tissue Research

339, no. 1 (2010): 247-57.
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Biophys J, Feb 2012

Structural and Mechanical Differences between Collagen Homo- and
Heterotrimers: Relevance for the Molecular Origin of Brittle Bone Disease

Shu-Wei Chang,’ Sandra J. Shefelbine,* and Markus J. Buehler™s¥*

fLaboratory for Atomistic and Molecular Mechamcs Department of Civil and Environmental Engineering, Massachusetts Instrtute of
Technology, Cambridge, Massachusetts; *Department of Bioengineering, Imperial College London, London, United Kingdom; and *Center for
Materials Science and Engineering and "Cenlerfor Computational Engineering, Massachusetts Institute of Technology, Cambridge,
Massachusetts

« ABSTRACT Collagen constitutes one-third of the human proteome,
providing mechanical stability, elasticity, and strength to organisms.
Normal type | collagen is a heterotrimer... A homotrimer is
found in fetal tissues, fibrosis, and human cancers, and in a mouse
model brittle bone disease, osteogenesis imperfect.... Experimental
studies of oim tendon and bone show reduced mechanical strength...

 Here, fully atomistic simulations of ... mouse type | heterotrimer and
homotrimer collagen ... are developed ...

 Homotrimer L, is half that of the heterotrimer (9.6 nm vs. 21.5 nm),
indicating it is more flexible and confirmed by direct mechanical
testing. ...Implications for reduced intermolecular cross-linking
reduced mechanical strength.




Stretching type II collagen with optical tweezers
Yu-Long Sun®, Zong-Ping Luo®, Andrzej Fertala®, Kai-Nan An®
(J Biomechanics, 2004)

3

Trap Center

f Cover Glass \

[

{ Cover Glass /

XY Stage /

/ Laser Light \

Fig. 1. Stretching a single collagen molecule using optical tweezers.
One end of collagen 1s attached to the bead trapped by optical
tweezers. The other end i1s attached to the small bead fixed with a big
bead, which 1s clamped with two cover glass. Before collagen is
stretched, the small bead and the trapped bead are touched. The

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Sun, Yu-Long et al. "Btretching Type II Collagen with Optical Tweezers."
Journal of Biomechanics 37, no. 11 (2004): 1665-9.
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Magnetic Tweezer

|Image removed due to copyright restrictions.
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Worme-like chain model was fit to the data: Lp =11.2+ 8.4 nm

14

12 1 mmmm theoretical model @_ kB TLp
—&— experimental data

10 -

(o]
1

Type Il Collagen

(homotrimer) E ~ 200-300 MPa

Force (pN)
=2}

i 8
L

0 50 100 150 200 250 300 350

Extension (nm)

Fig. 2. The force-extension curve for stretching a single type Il
collagen molecule. The data were fitted to Marko-Siggia entropic
elasticity model. The molecule length and persistence length of this
sample 1s 300 and 7.6 nm, respectively.

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Sun, Yu-Long et al. "Btretching Type II Collagen with Optical Tweezers."
Journal of Biomechanics 37, no. 11 (2004): 1665-9.

(Sun+, J Biomechanics, 2004)
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Stretching type II collagen with optical tweezers

Yu-Long Sun®, Zong-Ping Luo®, Andrzej Fertala®, Kai-Nan An®

(J Biomechanics, 2004) \

3
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( Cover Glass \

B

{ Cover Glass /
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/ Laser Light \

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Sun, Yu-Long et al. "ptretching Type II Collagen with Optical Tweezers."
Journal of Biomechanics 37, no. 11 (2004): 1665-9.
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Worme-like chain model
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Worm-like chain model

* Polymer is treated as a flexible rope rather than a
collection of freely-jointed rigid rods

 Bending stiffness accounted for directly
* Enthalpic contributions important

-2
g, K l(l_ﬂj 1,k

Lp 4 Lc 4 Lc
...Where Lp = persistence length
L. = contour length

R = end-to-end distance



Persistence Length L, : the length scale over
which a polymer remains roughly straight

|

AFM image of DNA Simulated worm-like
on 2D mica surface Chainin 2D

© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.
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Estimation of Persistence Length, L,

Equilibration of a
molecule on a 2D
surface is manifested by

[ p is calculated a Gaussian distribution of
from WLC model: the angles formed by the

<0*()>,,= projected vectors, /

(Rivetti, Bustamante, J Molec Biol, 1996: estimated L, of
DNA from AFM images on 2D mica surfaces)




Estimation of Persistence Length, L,

L,~ L, stiff needle-like
molecule

L,<<L, "floppy’
molecule

E = “Young s modulus ™
[ = area moment of inertia

Rivetti, Bustamante, J Molec Biol, 1996: estimated Lp
of DNA from AFM images on 2D mica surfaces)




Pro-collagen molecule —
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14

12 A = theoretical model
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Extension (nm)

(Sun+, J Biomechanics, 2004)

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Sun, Yu-Long, et al. '|Stretching Type II Collagen with Optical Tweezers."

Journal of Biomechanics 37, no. 11 (2004): 1665-9.
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© Taylor & Francis Group. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see
|http://ocw.mit.edu/help/faq—fair—use/.

Source: Kastelic, J., A. Galeski, et al. "[The Multicomposite Structure
bf Tendon." Connective Tissue Research 6, no. 1 (1978): 11-23.
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I Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
| Source: Gutsmann, Thomas, et al. '|Force Spectroscopy of Collagen Fibers to

[nvestigate their Mechanical Properties and Structural Organization." Biophysical
Journal 86, no. 5 (2004): 3186-93.

Stress vs strain curve of a rat tail
tendon: (A-B) Toe - heel region,
(C) linear region, (D) plateau,

(E) rupture of the tendon.

(Gutsmann+, Biophys J, 2004)
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Collagen is a Protein:
What about Thermal Denaturation!?

Courtesy of Matthew Murdoch.
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Collagen Molecules in Solution

Thermal . -

Penaturaton
o+ Collagen:

triple helix
Tm= X+ cor
-Huermgl L3128 ' bk /
 Yrans)hon CleTmn
| 'l'eme.

" !udHnJ'hmP”o —

Temperalure (°C)

Fia. 6. Melting curves for iuhthxouul collagen in 0-5 a CaCl,, pH. 7, protein concentra-
tion=0-7 mg/ml; ﬁz' OEtica] rotation, equilibrium curve; 0, optiecal rotation, 30 min”
curve (incubated for min at each temperature prior to reading); A, viscosity, 30
min” curve. @/wo=([alr—[alye)/([a]se—[alsoe) OF 7sp, x/7ap, 50 eproduced with
permission from von Hippel and Wong (1963a).

© ACS Publications. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.
Source: von Hippel, Peter H., and Kwok-Ying Wong. "[The Collagen [UNK] Gelatin Phase Transition. I. Further Studies
|of the Effects of Solvent Environment and Polypeptide Chain Composition*." Biochemistry 2, no. 6 (1963): 1387-98.
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Denaturation

o+ Collagen:
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Fia. 6. Melting curves for jchthyocol collagen in 0:5 n CaCly, pH 7, protein concentra-
tion=0'7 mg/ml; ﬁh ogtica] rotation, equilibrium curve; 0, optical rotation, ‘30 nin”
curve (incubated for min at each temperature prior to reading); A, viscosity, ““30
min” curve. @fzo=([a]r—[alse?)/([a]s>—[a]40®) OF sy, w/7ap, 50 eproduced with
permission from von Hippel and Wong (1963a).

© ACS Publications. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.
Source: von Hippel, Peter H., and Kwok-Ying Wong. "[The Collagen [UNK] Gelatin Phase Transition. I. Further Studies
pf the Effects of Solvent Environment and Polypeptide Chain Composition*." Biochemistry 2, no. 6 (1963): 1387-98.
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Type | collagen is thermally unstable at
body temperature

E. Leikina, M. V. Mertts, N. Kuznetsova, and S. Leikin*

MNational Institute of Child Health and Human Development, National Institutes of Health, Bethesda, MD 20892

(PNAS, 2002)

The Equilibrium State of Monomeric Type | Collagen at Body Temper-
ature Is a Random Coil Rather than Helix. It follows from Fig. 2¢ that
at 37°C type I collagen from human lungs converts to random

coils within 2 to 3 days. Type I collagen from rat-tail tendon is
even less stable. In contrast to the existing consensus, both
proteins undoubtedly melt even several degrees below body
temperature and their thermodynamically favored conformation

p at body temperature is a random coil. (CD spectra similar to

44
- h |
42 - uman lung
[¢) = % collagen
3 “Con
- 40 O *
- et _‘.I_"
o B B
g i , O |
e 38 rat tail tendon| —L
<< collagen O- B
|
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Courtesy of the National Academy of Sciences. Used with permission.
Source: Leikina, E. et al. "|Type I Collagen is Thermally Unstable at Body
[Temperature." Proceedings of the National Academy of Sciences 99,

no. 3 (2002): 1314-8.
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Collagen structure E}(repeating peptide triplet)

|
(a) Typical sequence [ \

prlmary Gly-X-Y-Gly-Pro-Y-Gly-X-Hyp-Gly- Pm pr

(c) Major (triple) helix (3 a-chains right_handed SUE%erhe”X)

. * 10 -

tertiary "

(d) Molecule

N 9— l

300nm T

_______________________________________________________________1_5_"_111 __________

(e Fibrii qUaternary -

nm

* « [ » * . :J * * * + L—‘ * *
0.6} - — 0.4

(Textbook, page 16) (molecules quarter staggered; X-links)

© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see |http://ocw.mit.edu/help/faq—fair—use/.
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Demo:

Mechanochemistry and Biomechanical Properties

at Molecular and Tissue Levels
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ACL Tear: Molecular / Tissue-Level Injuries

(ACL = anterior cruciate ligament)

Images removed due to copyright restrictions.
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_ FREQUENCY OF ACL INJURY
e 82% of Women with a torn

ACL show the beginning stages
of OA 12 years after injury
(by dage 31 (ave)) (Lohmander, 2004)
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Scientific American, 2000
© Scientific American. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see |http://ocw.mit.edu/help/fag-fair-use/.
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Tropo-collagen molecule —
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Force - extension
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12 A = theoretical model
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(Sun+, J Biomechanics, 2004)

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Sun, Yu-Long et al. "Stretching Type II Collagen with Optical Tweezers."

Journal of Biomechanics 37, no. 11 (2004): 1665-9.

Tendon i

TROPO-

reticular
waveform . _membrane
anrective Tissun Besearch, 1978, Vol 6, - g Tuasioubar
nructvo Tiasun Ros 78 o 11-23 crimp structure  membrane
1 I [l 1 I |

152 358  [00200A 500-50003 50-300x J00-500u
© Taylor & Francis Group. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see
http://ocw.mit.edu/help/faq-fair-use/.
Source: Kastelic, J., A. Galeski, et al. "[I'he Multicomposite Structure
lof Tendon." Connective Tissue Research 6, no. 1 (1978): 11-23.
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fibroblasts
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|
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Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Gutsmann, Thomas, et al. "|Force Spectroscopy of Collagen Fibers to
|Investigate their Mechanical Properties and Structural Organization." Biophysical
Journal 86, no. 5 (2004): 3186-93.

Stress vs strain curve of a rat tail tendon:
(A-B) "Toe" region,
(C) linear region, (D) plateau,
(E) rupture of the tendon.

(Gutsmann+, Biophys J, 2004) 3
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A structure with No intra-
or inter-molecular X-links




The Original Bungy Jump: Kuwarau
River Gorge, Queenstown, New Zealand

(from AJ Hackett website)
Risks - Extreme Bungy Jumping:

- If the bungy cord collapses, one can
be injured.

 Other injuries include eye trauma, back
injury, rope burn, whiplash, bruises,
dislocations.....

All-Rubber Bungy Cord:

* Developed in New Zealand, all-rubber cords
are collection of more than 1000 individual
strands of rubber tied together .......

_‘d

© Bpy007au on wikipedia. License: CC BY-SA. This content is
excluded from our Creative Commons license. For more
information, see pttp://ocw.mit.e_du/help/faq—fair—use/.
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Kuwarau River Gorge,
Queenstown,
New Zealand

(the original bungy jump)
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The Original Bungy Jump:

over the
Kuwarau River Gorge,
Queenstown,
New Zealand

o J’&Bp

e

Molecular =

ensile




No intra- or inter-molecular
crosslinks.....

what were they thinking?




Tendon Structure
SEM

xray

TROPO-
COLLAGEN

. .
35 A _staining
collagen fibrils

;

inter-fibrillar
connections

crimped uncrimped
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i waveform membrane
. fibroblgsts 4 ' fascicular
: crimp structure  membrane
| | I
S00-5000A 50-300u I00-500u

© Taylor & Francis Group. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see
http://ocw.mit.edu/help/faq—fair—use/.

Source: Kastelic, J., A. Galeski, et al. "[The Multicomposite Structure
|of Tendon." Connective Tissue Research 6, no. 1 (1978): 11-23.

conformation conformation

Lots of Intra-molecular and

Inter-molecular Crosslinks!!
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