
Directed Evolution Project Notes 

1. Bubble Energy vs. Pulse vs. Wavelength 
2. Femtosecond Pressure Time Dynamics 
3. Electron Density at Different Timescales 
4. Irradiance Threshold vs. Pulse Length 
5. Bubble Radius vs. Pulse Energy 
6. Irradiance Threshold vs. Wavelength vs . Pulse 
7. Water breakdown across parameters 
8. E. Coli shell properties 
9. E. Coli volume, size, mutation statistics 

Graphs taken across multiple papers (Vogel 2003, 2008, Wu 2010, Nowak 2005)  

Ablation via Ionization  
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Laser Parameter & Breakdown Threshold 
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 Cell length  2 um or 2x10-6 m 
 Cell diameter  0.8 um or 0.8x10-6 m 
 Cell total volume  1x10-15 L or 1x10-18 m3 
 Cell aqueous volume  7 x 10-16 L 
 Cell surface area  6x10-12 m2 
 Periplasm volume  6.5x10-17 L 
 Cytoplasm volume  6.7x10-16 L 
 Envelope volume  1.6x10-16 L 
 Inner Membrane thickness  8x10-9 m 
 Outer Membrane thickness  8x10-9 - 15x10-9 m 
 Periplasm thickness  1x10-8 m 
 Average diameter of ave. protein  5 nm 
 Diameter of chromosome  490 um 
 Diameter of condensed chromosome  17 um 
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Mutation Rate / Base 5x10-10 
Mutation Rate / Genome 0.0025 


