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Radiation pressure

Momentum
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First Demonstration of Optical Tweezers



Optical Tweezers

Highest 
intensity

Highest 
intensity



How to calibrate an optical tweezer

We need:
• The trap stiffness, k
• The distance calibration

What we need for this For distance calibration:

• Move the bead (stuck on the 
glass surface) by a set 
distance in nm

• Observe the voltage change 
on the photodetector (gives 
nm/V)



How to calibrate an optical tweezer
Trap stiffness in pN/nm: use a power spectrum (same as the thermal noise method for AFM)
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Lorenzian fit

𝑓! =
𝑘
2𝜋𝛾 𝛾 = 6𝜋𝜂𝑟where: 

Advantages:
+ Simple
+ Does not depend on the position calibration

Disadvantages:
- High uncertainty (approx. 20%1)
- Requires a detector with sufficient bandwidth

1Sarshar, M., W. T. Wong, and B. Anvari. Journal of biomedical optics 19.11 (2014): 115001−115001.

Neuman, Keir C., and Steven M. Block. Review of scientific instruments 75.9 (2004): 2787-2809.



Studying proteins



Using optical tweezers to probe proteins

Digoxigenin on 
DNA ‘handle’

+

Anti-digoxigenin  
antigen on glass bead

Antigen-antibody 
interaction

Maleimide on 
DNA ‘handle’

Sulfhydril on 
protein (cysteine 

amino acid)

Stable conjugate
 



Using optical tweezers to probe proteins



Protein folding/unfolding

PDB: 1G6P



Protein folding/unfolding

1 nm



Protein folding/unfolding

24 nm

Final length change will be 24 nm - 1 nm = 23 nm

Extension

∆𝑳𝑪,𝒆𝒙𝒑𝒆𝒄𝒕𝒆𝒅= 𝑵×𝟎. 𝟑𝟔𝟓𝒏𝒎 − 𝑳𝒆,𝒊𝒏𝒊𝒕𝒊𝒂𝒍
𝑁 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑚𝑖𝑛𝑜 𝑎𝑐𝑖𝑑𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑎𝑡𝑡𝑎𝑐ℎ𝑚𝑒𝑛𝑡 𝑝𝑜𝑖𝑛𝑡𝑠
0.365 𝑛𝑚 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝑎𝑚𝑖𝑛𝑜 𝑎𝑐𝑖𝑑



The Worm-Like-Chain Model

Extension, Le

Persistence length, Lp Contour length, LC
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Protein – DNA interactions



Marchetti, M et al., Real-Time Assembly of Viruslike Nucleocapsids Elucidated at the Single-Particle Level, Nano letters 19(8), 2019
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Protein-protein or protein-ligand interactions



Detection and quantification of protein-protein 
or protein-ligand interactions



Radicicol and Hsp90

PDB: 1BGQ

Radicicol

ATP



Radicicol and Hsp90

PDB: 1BGQ H. Girstmair, F. Tippel, A. Lopez, K. Tych, et al. Nature Communications 10(1), 2019



Function-related motions of proteins



G. Capello, et al., Myosin V stepping mechanism, PNAS 104(39), 15328 – 15333, 2007

Direct observation of function-related motions



Direct observation of function-related motions

B. Pelz, et al., Nature Communications  2016 doi: 10.1038/ncomms10848
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Direct observation of function-related motions

P. Rodriguez-Aliaga, et al., Nature Structural and Molecular Biology  2016 doi: 10.1038/nsmb.3298



Membrane proteins



∆𝐿%,$'#$!($)= 4 𝑡𝑜 7 𝑛𝑚

https://www.biorxiv.org/content/10.1101/2023.09.01.555951v1



Dharan, R., et al., Transmembrane proteins tetraspanin 4 and CD9 sense membrane curvature, PNAS 119(43) e2208993119, 2022



Cell mechanics



T. Evers, et al., Single-cell analysis reveals chemokine-mediated differential regulation of monocyte mechanics, iScience 25(1), 2022
G. Vasse et al., Single Cell Reactomics: Real-Time Single-Cell Activation Kinetics of Optically Trapped Macrophages, Small methods 5(4), 2021



Summary


