
PHY 398/498. Dynamics of the Cytoskeleton:
Physical Principles and Self-Organization

Fall 2012

Dimitrios Vavylonis
Department of Physics

415 Lewis Lab
vavylonis@lehigh.edu

(610) 758-3724

Time and Location: MWF 12:10-13:00 Lewis Lab 514

Course website http://athena.physics.lehigh.edu/

Office hours: MW 17:10-18:00 Lewis lab 415

Description

The filaments and motor proteins of the cytoskeleton organize into networks that provide cells
with shape, generate mechanical forces and movement by polymerization and motor-based
sliding, and regulate intracellular transport. This course is an introduction to the physical
principles relevant to this organization that spans several orders of magnitude in length and
time.

Course Contents

1. Brownian motion in the cell. Viscous, inertial and other forces. Diffusion in the cell
and diffusion in external potential. Fluorescence recovery after photobleaching (FRAP) and
fluorescence correlation spectroscopy (FCS). Biopolymers as random walks.
2. Biomolecular association and dissociation. Formation of macromolecular complexes. Rate
equations and microscopic reversibility. The diffusion-controlled limit and the importance of
dimensionality.
3. Cytoskeletal polymerization kinetics. Actin and microtubule assembly and disassembly,
ATP/GTP hydrolysis. Toy models of cap dynamics and dynamic instability. Nucleation and
growth kinetics. Bacterial cytoskeleton.
4. Transport and force generation by the cytoskeleton. Thermal ratchets. Molecular motors:
myosin, kinesin, dynein. Thermodynamics of conversion of chemical energy into force and
pattern. Force generation by polymerization and the Brownian ratchet. Listeria motility.
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5. Cooperativity and nonlinearities. McGhee-von Hippel cooperative binding model. Den-
dritic nucleation model of actin network formation. Porters vs rowers: cooperativity of
myosin in muscle.
6. Signaling to the cytoskeleton. Rho-GTPases and regulation of cytoskeletal assembly.
Feedbaks and non-equilibrium steady states. Sensing.
7. The cytoskeleton and the cellular membrane. Cellular cortex. Cytoskeleton and vesicle
dynamics (endocytosis, exocytosis). Cytokinesis. Blebs.
8. From molecules to modules. Subcellular cytoskeletal assemblies: filopodia, stress fibers,
centrosomes. Coarse-graining: active gels, continuum mechanics. Hierarchical assembly.
9. Pattern formation and collective properties of the cytoskeleton. Symmetry breaking, polar-
ization. Turing, oscillatory and wave instabilities. Spindle oscillations in mitosis. Protrusion
and retraction of lamellipodia. The cell division machinery. Cell shape.
10. Robustness and adaptability. Wiring modules together for function. Exploratory dy-
namics.

Grading

Each student will work on a topic close to his/her background and interests. The topic will
be decided after discussion with the instructor. The project will consist of a 10-page written
report and a short oral presentation. The homework/project degree of difficulty will adjusted
accordingly for students taking the course at the 300 and 400 levels.

The final grade will be based on:

1. Course project (50%).
2. Homework (30%). Assignments must be submitted on the assigned due date. Prior
permission from the instructor is required for late sumbissions.
3. Active participation in class (20%).

Recommended Textbooks

[1] Jonathon Howard, Mechanics of motor proteins and the cytoskeleton (Sinauer Associates,
Publishers, Sunderland, Mass., 2001).

[2] Robert Phillips, Jane Kondev, and Julie Theriot, Physical Biology of the Cell (Garland
Science, New York, 2009).

Other useful references

[1] Fumio Oosawa ans Sho Asakura, Thermodynamics of the Polymerization of Protein (Aca-
demic Press, 1975).

[2] Terrell L. Hill, Linear Aggregation Theory in Cell Biology (Springer-Verlag, 1987).
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[3] Uri Alon, An introduction to systems biology (Chapman & Hall/CRC, 2006).

[4] Howard C. Berg, Random walks in biology, expanded ed., (Princeton University Press,
Princeton, N.J., 1993).

[5] Philip Nelson, Biological physics : energy, information, life (W.H. Freeman, New York,
2007, Updated edition).

[6] Benjamin Lewin, Lynne Cassimeris, Vishwanath R. Lingappa, and George Plopper, Cells
(Jones & Bartlett Publishers, Boston MA, 2006).

[7] Thomas D. Pollard, William C. Earnshaw, and Jennifer Lippincott-Schwartz Cell biology
2nd edition (Saunders, Philadelphia, 2007).

[8] Bruce Alberts, Alexander Johnson, Julian Lewis, Martin Raff, Keith Roberts, and Peter
Walter, Molecular biology of the cell, 5th ed., (Garland Science, New York, 2008).

[9] David H. Boal, Mechanics of the cell (Cambridge University Press, Cambridge, 2002).

[10] Dennis Bray, Cell movements : from molecules to motility, 2nd ed., (Garland Pub., New
York, 2001).

Accommodations for Students with Disabilities: If you have a disability for which you are
or may be requesting accommodations, please contact both your instructor and the Office of
Academic Support Services, University Center 212 (610-758-4152) as early as possible in the
semester. You must have documentation from the Academic Support Services office before
accommodations can be granted.
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