Biopolymers

An introduction into the molecular
structure and basic features.

Introduction

No polymers — no life

Polymers are the most favorite materials
Biopolymers are produced in huge amounts

Some numbers

Material HauPp;Isan:Z:]'::he Jahresverbrauch in | Kilogramm/ | Kilogramm/
4 Tonnen (Welt) Kopf (Welt) | Kopf (USA)
komponenten
Brennholz Celluose, Lignin 600.000.000 113 250
Papier Celluose 400.000.000 75 560
Baumwolle Celluose 14.300.000 2,7 5,6
Kunststoffe versch. 54.500.000 12,0 113
synthetische

H.-G. Elias,

Polymere, Seite 3, (1996)
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[Examples for polymers ]

= PVC (Polyvinylchlorid)

= PA (Polyamid)

= PS (Polystyrol)

= Proteins

= Filaments of the cytoskeleton

= DNA, RNA

= Kohlenhydrate (Celluose, Holz, Papier)

DNA structure & elastictiy

R. Franklin (1920-1958) ]
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DNA knots and supercoils

DNA-knot: Wassermann and Cozzarelli, Science 229 (1985)

http://www.pnas.org/cgi/content/full/100/16/9296
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Optical tweezers

Optical Tweezers are commonly used
for stretching DNA

Experiments start after a DNA molecule
has been “fished” out solution
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Stretching DNA Molecules
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M.D. Wang et al., Biophys. J. 72, 1335 (1997) T.R. Strick et al., Science 271, 1835 (1996)




[Question ]

= How should one describe the
conformations and dynamics of DNA?

Response to external forces?
Interactions?
(Self-)organization?
Sequence specificity?
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[Fibres of the Cytoskeleton

Actin moncmer ropoenyasin

F-Aktin: i,

Microtubules:

Intermediate
Filaments:

Cartoon Architecture in the Cell




Fluctuation Analysis of Microtubules

Strong confinement of strings

.. Or strings in a mini-universe?
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eletal networks cos

ABPs crosslink F-actin into networks
and bundles (ABP = actin binding protein)

cytoskeletal
networks

My favorite movie ©

See Tom Stossel‘s web page: http://expmed.bwh.harvard.edu/




Single Filaments

Gaussian Chains
Semiflexible Chains

[The Freely Jointed Chain Model ]
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The root mean-square end-to-end distance grows like
the square root of the degree of polymerization N

[How large is a DNA Molecule? ]

Contour length can be up to L = Im
Length of a "monomer”: b = 100 nm = 107 m

Typical Size: R ~ 0.03 cm

Note that this is still far too big to
squeeze into a cell nucleus, which is
about 106 m in diameter!
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Animations of Polymer Statistics

GIANT MOLECULES MOVIES

AY. Grosberg and A.R. Khokhlov, &iant Molecules,
Academic Press (San Diego, 1997).
With CD-ROM by S.V. Buldyrev and V.S. Pande

End-to-End Distribution Function

Cubic lattice:
coordination number z=6

bond vectors l;, <—1—»
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End-to-End Distribution Function

... @ Gaussian with width ~ N2
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Experiment |

Polystyrol in Cyclohexan bei 34,5'C
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Huber et al., Macromolecules 18 (7), 1461 (1985)
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K. Huber et al., Macromolecules 18 (7), 1461 (1985)




[Excluded Volume Effects ]
Single DNA Molecules confined to 2D

Ry (pm)

B. Maier and J.O. Rédler, PRL 82, 1911 (1999)

[Force-extension relation ]
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freely jointed chain paramagnet
i3 :=<ﬁ-1§>=<i:ﬁ-f,>=LC(fb/kBT) L(x)=coth(x)~1/x

chain extension

magnetization Langevin function

— Nb’ = kT
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mall for R, WT Large f: R »
Curie -Weiss law (& Entropy elasticity K ¢~ T Saturation ~ 1/f

[Stretching DNA molecules ]
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M.D. Wang et al., Biophys. J. 72, 1335 (1997) T.R. Strick et al., Science 271, 1835 (1996)




