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Forced
Ligand-Receptor
Unbinding

Moy, V. T.; Florin, E.-L.; Gaub, 
H. E. Science 1994, 266, 257-259.

Grandbois, M.; Beyer, M.; Rief, 
M.; Clausen-Schaumann, H.; 
Gaub, H. E. Science 1999, 283, p 
1727

Keep in mind:

1kBT300K =  25 meV =  4 pNnm = 0.6 kcal/Mol  = 2.5 kJ/Mol
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Probing a Single Metallo- Organic Bond
the Ruthenium(II)-Terpyridine Complex
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Unfolding Proteins

Rief, M.; Gautel, M.; Oesterhelt, F.; Fernandez, J. M.; Gaub, H. E. Science 1997, 276, 1109-1112. 
Oesterhelt, F.; Oesterhelt, D.; Pfeiffer, M.; Engel, A.; Gaub, H. E.; Müller, D. J. Science 2000, 288, 143-146.

The Giant Muscle Protein Titin
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Unfolding 4 and 8 Segment Long Recombinant Titin IgFragments

M. Rief, M. Gautel, F. Oesterhelt, J. M. Fernandez and H. E. Gaub, Science (1997),Vol 276 , p 1109-
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Forced Unbinding of DNA Oligomer Duplexes

PBS,T = 27 C,  v = 1.2 µm/s
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Rief, M.; Clausen-Schaumann, H.; Gaub, H. E. Nature Struct. Biol. 1999, 6, 346-348.
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Unzipping DNA Hairpins

Rief, M.; Clausen-Schaumann, H.; Gaub, H. E. Nat. Struct. Biol. 1999, 6, 346-
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Opportunities for Single Molecule Assays in Bio-Analytics

=> Growing demand in Genomics & Proteomics

Current bottle necks:

Sensitivity e.g. Quantitative SNP detection

Selectivity e.g. False positives

High Throughput 106 Assays in parallel

-Mechanics provides orthogonal information
-Extremely low amounts of analyte needed

.

.

Improved
Sensitivity by

Smaller
Sensors

Molecules as 
Sensors? 

Viani, Schäffer, Chand, Rief, Gaub, Hansma J. Appl. Phys. (1999), 4, p2258-

k TB
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Balances compare 
unknown forces with a standard

F      = k dapple

Scales measure absolute forces 

Fapple

?
Fstandard

Absolute Versus Differential Force Measurements

Detecting 
nucleic acid mismatches

Discriminating energetically 
equivalent binding modes

Singe Molecule Differential Force Assay
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∆n ≈ ∆I ≈ ∆Pbond

Single Molecule
1bit AD-Conversion

Sample
bond

Reference
bond Parallel Format

∆n ≈ ∆I ≈ ∆Pbond

Single Molecule
1bit AD-Conversion

Sample
bond

Reference
bond Parallel Format

DNA-chip

Elastomer-
stamp

Drainage
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DNA: a Programmable
Force Sensor for
Protein Chips

- Kerstin Blank
- Fillip Oesterhelt

(-> R.  Mahaffy et al., PRL, 2000,
R.  Mahaffy et al., Biophys. J, 86, 1777 (2004) )

AFMAFM--based Measurements of Cell Elasticitybased Measurements of Cell Elasticity
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AFMAFM--based Measurements of Cell Elasticitybased Measurements of Cell Elasticity

Analyzing Analyzing ViscoelasticViscoelastic AFMAFM--DataData
The Hertz-model (sphere indenting an infinite elastic half plane):
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Analyzing Analyzing ViscoelasticViscoelastic AFMAFM--DataData

Correcting for Substrate Correcting for Substrate 
EffectsEffects (R.  Mahaffy et al., Biophys. J, 86, 1777 (2004) )
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Correcting for Substrate Correcting for Substrate 
EffectsEffects (R.  Mahaffy et al., Biophys. J, 86, 1777 (2004) )

•Tu (for non adhered parts) and Chen model (for adhered parts) 
correct for substrate effects and simultaneously determine the 
Poisson ratio.

Elasticity of Elasticity of LamellipodiaLamellipodia

(S.Park et al., Biophys. J, submitted)
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Elasticity of Elasticity of LamellipodiaLamellipodia

(S.Park et al., Biophys. J, submitted)
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• Polymerization:
1. Thermal ratchet vs. polym.-stick-burst
2. Bead motility, nematode sperm motility
(-> Formin)

• Molecular motors:
1. Knockouts (Spudich, Gerisch) vs. myosin II in the back of 

the lamellipodium (Small, Borisy)
2. Traction forces on soft substrates (Sheetz, etc)
(-> myosin I actin-rail model, cell spreading)

• Retrograde flow:
1. Clutch hypothesis

Active Force Generation IActive Force Generation I
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Active Force Generation IIActive Force Generation II

(-> C. Brunner, M. Gögler, A. Ehrlicher, T. Jähnke, B. Kohlstrunk, Propulsive forces of 
fast moving cells, Nature, in preparation (2004) )

Active Force Generation IIActive Force Generation II

(-> C. Brunner, M. Gögler, A. Ehrlicher, T. Jähnke, B. Kohlstrunk, Propulsive forces of 
fast moving cells, Nature, in preparation (2004) )

Translocation [µm]

D
ef

le
ct

io
n

[n
m

]

lamellipodium
cell body



20

Active Force Generation IIIActive Force Generation III

Active Force Generation IIIActive Force Generation III


