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Evolution and origin of life
Complex systems in biological physics
General Biological Physics/Others
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What is a protein?
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Amino acid

monome€

A linear chain of amino acids, the length is typically several hundred units 5



What is a protein?
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It has a well defined structure, can perform most complex functions



Characteristics of ,nano”

The object of biological studies is often by nature of

nano scale, but in general they are not regarded as
nano.

Single molecule approach is by convention also
called nano.

Key question:
what extra information is obtained from SMA?
Great progress lately.



NanoExamples in Biology: Muscle

The force generating tissue




Actin filamen

The myosin ,,walks” along the actin filament



Muscle

Myosin walk studied by optical tweezers
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H. Gaub
TU Munich
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The structural component titin is unfolded by mechanical force
Single unfolding events are observed
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Single protein folding

FRET
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Rotating ATPase
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UN T ' W. Junge, H. Lill & §. Engelbrecht
@Cﬁl}fﬂ%& TIBS 22, 420 - 423 (1997)

Energy from ATP hydrolysis is transported to the proton pump by rotating Skle



Rotating ATPase

Q. Fritsche & W. Junge {1936)
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DNA properties

Pipette

C. Bustamante, Berkeley
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DNA mechanical engine

Yurke et al.

Bell Labs, Oxford Univ.
Nature 406, 605 - 608 (2000);
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Other areas

Single molecule spectroscopy

Any molecular dynamics calculation can
be regarded as nano

Biomolecules arranged on surfaces
Matter encaplsulation, membrane thethers
etc
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Examples of BioNanotechnology

Material transport with ,walking”biological molecules
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Henry Hess,

Dept of Bioengineering
Center for Nanotechnology
University of Washington
Seattle, WA
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Steering of material transport

Guiding channels Chemically modified
channels

J. Clemmens et al.: “Analysis of microtubule
guidance by microfabricated channels coated
with kinesin”, Langmuir
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Molecular filters

Bacterium covered with S-layer Molecular filter built from S-layer proteins

Center for Nanotechnology, Wien
Uwe B. Sleytr
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DNA based structure building

—— nanoparticle-modified DNA
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Chad Mirkin, Northwestern Univ.

DNA is a special polymer: its length and composition can be perfectly regulaigd



DNA based structure building
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DNA based structure building

L. Johnson, Oxford Univ.
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ATPase in technology

j- Montemagno, Cornell

Molecular pumps driven by rotating ATPase
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