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Module II: Single Molecule Mechanics

Paul Hansma 
Development of AFMs to monitor individual 
protein molecules, in liquids (1990-2000)

Carlos Bustamante 
Study of DNA, RNA, and protein molecular 
mechanics (1990-2000)

Awarded in 2000:

“For pioneering contributions to the development of biological 
scanning probe microscopy and for the molecular resolution 
imaging of biological molecules in aqueous solutions.” 

Awarded in 2002: 
“For his pioneering work in single molecule biophysics and the 
elucidation of the fundamental physics principles underlying the 
mechanical properties and forces involved in DNA replication 
and transcription.” 

Previously



✤ Steven Block 

✤ Outlook 
✤ Genome editing 
✤ Single molecule technologies in cells

Today’s agenda



Steven Block 
Study of bimolecular complexes for DNA, RNA and intracellular transport 

Awarded in 2008: 
“For his originality in the direct measurement of forces and motions in single 
biomolecular complexes undergoing the nucleoside triphosphate hydrolysis 
reactions that drive intracellular transport, cell motility, and DNA and RNA 
replication.” 

Lecture 9 - On the work of Steven Block 



State of the art - at the beginning of the ‘90s:

✤ Discovery of kinesin (1985)

✤ Many members of the kinesin superfamily, functions:

✤ transport of vesicles or other cargo 

✤ regulating microtubule growth and shrinkage

✤ mediating chromosome-microtubule interactions

✤ Kinesin walks in one direction: towards the microtubule 
plus end

Introduction: Kinesin

Main tool:

✤ Walking assay: Kinesin-coated, fluorescently labelled 
beads are imaged when moving on fixed microtubules



✤ What was the scientific breakthrough? 
✤ Can you identify a key insight(s) needed for the breakthrough? 
✤ How do the findings align with or challenge existing models? 
✤ Can you put this work in the context of others in the course? 

Compare/contrast. 
✤ What are some potential implications of their findings? 
✤ Pay attention to the sources, their attributes and “genre”

Guiding Questions



Steven Block

https://www.youtube.com/watch?v=tapgyCeJeFg


Steven Block: the impact



Steven Block: the impact

https://xvivo.com/examples/the-inner-life-of-the-cell/



Interview with Steven Block

https://www.youtube.com/watch?v=H00xj-O8Zgo


✤ What was the scientific breakthrough? 
✤ Can you identify a key insight(s) needed for the breakthrough? 
✤ How do the findings align with or challenge existing models? 
✤ Can you put this work in the context of others in the course? 

Compare/contrast. 
✤ What are some potential implications of their findings? 
✤ Pay attention to the sources, their attributes and “genre”

Guiding Questions



Single Molecule Mechanics: Future

✤ Genome editing 

✤ Bringing single molecule measurements into cellsWhat’s next?

Jennifer Doudna 
Nobel Prize, 2020 

TJ Ha 

Xiaowei Zhuang 
Breakthrough Prize, 2018 

Stefan Hell 
Nobel Prize, 2014 



• "Shedding Light on Motor Function, One Molecule at a Time" by Steven M. Block - Stanford University  
Molecules, Movement, and Motors: Steven M. Block and Closing Remarks - Radcliffe Institute 

• Short interview with Steven Block: 
Applying physics to biology: single-molecule biophysics 

• iBiology lesson on Molecular Motor Proteins, by Ron Vale: 
Ron Vale (UCSF, HHMI) 1: Molecular Motor Proteins 

• … and about discovering kinesin in the first place: 
Ron Vale (UCSF, HHMI) 1: Discovering Kinesin 

• Jennifer Doudna, Ted Talks: CRISPR’s next advance is bigger than you think 
• Taekjip Ha, TedX Talks: Eavesdropping on molecular conversations 
• Xiaowei Zhuang, Breakthrough Prize: Imaging the molecular world of life
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s • Block, S., Goldstein, L. & Schnapp, B. Bead movement by single kinesin molecules studied with optical tweezers. Nature 348, 348–352 (1990). link 
• Svoboda, K., Schmidt, C., Schnapp, B. et al. Direct observation of kinesin stepping by optical trapping interferometry. Nature 365, 721–727 (1993). link 
• Abbondanzieri, E., Greenleaf, W., Shaevitz, J. et al. Direct observation of base-pair stepping by RNA polymerase. Nature 438, 460–465 (2005). link 
• Michael T. Woodside et al. ,Direct Measurement of the Full, Sequence-Dependent Folding Landscape of a Nucleic Acid. Science 314, 

1001-1004(2006).DOI:link 
• Guydosh NR, Block SM. Direct observation of the binding state of the kinesin head to the microtubule. Nature. 2009 Sep 3;461(7260):125-8. doi: 

10.1038/nature08259. Epub 2009 Aug 19. PMID: 19693012; PMCID: PMC2859689. link 
• A 2022 review on single molecule force spectroscopy, by Bustamante:  The development of single molecule force spectroscopy: from polymer biophysics 

to molecular machines | Quarterly Reviews of Biophysics | Cambridge Core

O
th

er • An introduction to optical tweezers, from the Block lab: blocklab.stanford.edu/optical_tweezers.html 
• Website for the xVivo project: amazing animations true to the science. The Inner Life of the Cell - Cell Animation

https://www.youtube.com/watch?v=tapgyCeJeFg&t=975s
https://www.youtube.com/watch?v=H00xj-O8Zgo
https://www.youtube.com/watch?v=9RUHJhskW00
https://www.youtube.com/watch?v=TJ0QU26Ul0A&t=282s
https://www.ted.com/talks/jennifer_doudna_crispr_s_next_advance_is_bigger_than_you_think
https://www.ted.com/talks/taekjip_ha_eavesdropping_on_molecular_conversations?language=en
https://www.youtube.com/watch?v=KmIaUQa-QyQ
https://doi.org/10.1038/348348a0
https://doi.org/10.1038/365721a0
https://doi.org/10.1038/nature04268
https://doi.org/10.1126/science.1133601
https://pubmed.ncbi.nlm.nih.gov/19693012/
https://www.cambridge.org/core/journals/quarterly-reviews-of-biophysics/article/development-of-single-molecule-force-spectroscopy-from-polymer-biophysics-to-molecular-machines/DBB3905F5B5CFFFD1EA967E33DF843FC
https://www.cambridge.org/core/journals/quarterly-reviews-of-biophysics/article/development-of-single-molecule-force-spectroscopy-from-polymer-biophysics-to-molecular-machines/DBB3905F5B5CFFFD1EA967E33DF843FC
https://www.cambridge.org/core/journals/quarterly-reviews-of-biophysics/article/development-of-single-molecule-force-spectroscopy-from-polymer-biophysics-to-molecular-machines/DBB3905F5B5CFFFD1EA967E33DF843FC
http://blocklab.stanford.edu/optical_tweezers.html
https://xvivo.com/examples/the-inner-life-of-the-cell/

