Force as a variable to study
biological reactions

Biochemistry under stress!
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Lecture outline

e Lecture-1:
— Why force??
— Mechanical processes in biology
» Motor proteins
 Mechanosensing
— Experimental techniques

e Lecture-2:
— Force - free energy landscape

— What we can learn from using force to study a mechanical
process: RNA unfolding

e Lecture-3:
— Motor enzymes and mechanochemistry
— Mechanistic information from force-velocity studies



Why force??
Forces can be an input or an output

Motor proteins: force generating nanomachines

chemical (or electrochemical) energy -
mechanical work

Mechanosensing:
mechanical force = cellular signal



View of cell as a collection of nanomachines

Replication:

Transcription:

Translation:

Degradation:

ATP synthesis:

Helicase
DNA polymerase naiepin

hairpin _ & n_
X
RNA Polymerase
Ribosome

Proteosome

FOF1 ATP synthase

rotor

19 X5.5nm

8.5 X 10.5 X 14 nm
25 pN

= A
- )4 N

p
t"l

'y
}



Cytoskeletal motors
Kinesin, dynein, myosin
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Cellular motility
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Mechanosensing, transduction and response

physical signal -> primary sensing =-> transduction =-» response
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Primary sensing by “force receptors”
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Mechanosensing in hair cells

Cochlea Migdfe Ear

Sound
Waves

Membrane

fniner Middle External ear

b Actin

Membrane ——
Myasin-1c - :

Resting potentia Channel

http://www.bcm.edu/oto/research/cochlea/Hearing/index.html

http://www.unmc.edu/Physiology/Mann/mann4b.html




Mechanosensing by “Catch Bonds”

short - long lived attachments at increasing forces
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Tension sensing during chromosome segregation
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Pinsky, B.A. & Biggins, S. The spindle checkpoint: tension versus attachment. Trends Cell Biol 15, 486-
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Technigues
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Force range: 1-100 pN
Position resolution: 1 nm

Bustamante, C., Macosko, J.C. & Wuite, G.J. Grabbing the cat by the tail: manipulating molecules one by one. Nat Rev Mol Cell Biol 1, 130-6 (2000).
Crawford, A.C. & Fettiplace, R. The mechanical properties of ciliary bundles of turtle cochlear hair cells. J Physiol 364, 359-79 (1985).



Photoedetector
Atomic force microscopy Laser Beam
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Position resolution: 0.1 nm

Bustamante, C., Macosko, J.C. & Wuite, G.J. Grabbing the cat by the tail: manipulating molecules one by one. Nat Rev Mol Cell Biol 1, 130-6 (2000).
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Optical tweezers
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Magnetic tweezers
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Various experimental designs
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A “cool” experiment !
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Rondelez, Y. et al. Highly coupled ATP synthesis by F1-ATPase single molecules. Nature 433, 773-7 (2005).





