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1.4.

QUANTITATIVE MODELS AND THE POWER OF IDEALIZATIONT1

Quantity of interest Symbol Rule of thumb
E. coli
Cell volume VE coli ~ 1 pm3
Cell mass ME coli =~ lpg
Cell cycle tE.coli =~ 3000 s
Cell area AE coli ~ 6 pm?
Genome Length NEeeli ~ 5 x 105 bp
Swimming speed VE.coli ~ 20 pm/s
Yeast
volume of cell Vyeast ~ 60um3
Mass of cell Myeast = 60 pg
diameter of cell dyeast ~ 5 pm
Cell cycle time tyeast =~ 200 min
Genome Length NS ast ~ 107 bp
Organelles
Diameter of nucleus dnucleus ~ 5 pm
Length of mitochondrion lmito = 2 pm
Diameter of transport vesicles dyesicle ~ 50 nm
Water
Volume of molecule Vi,0 ~10~2 nm?
Density of water p 1 g/cm?
Viscosity of water n ~ 1 centipoise (1072 g/cm s)
Hydrophobic embedding energy ~ Enyar 25 cal/mol A2
DNA
Length per base pair lbp ~1/3nm
Volume per base pair Vop ~ 1 nm3
charge density ADNA 2 ¢/0.34 nm
Persistence length &p 50 nm
Amino acids and Proteins
Radius of “Average” Protein Tprotein ~ 2 nm
Volume of “Average” Protein Vprotein ~ 25 nm?
Mass of “Average” Amino Acid Maa 2~ 100 Da
Mass of “Average” Protein Mprotein ~ 30,000 Da
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2.1. AN ODE TO E. COLI

91

Substance % of total dry weight | Number of molecules
Macromolecule
Protein 55.0 2.4 x 10°
RNA 20.4
23S RNA 10.6 19,000
16S RNA 5.5 19,000
55 RNA 0.4 19,000
Transfer RNA (4S) 2.9 200,000
Messenger RNA 0.8 1,400
Phospholipid 9.1 22 x 108
Lipopolysaccharide 3.4 1.2 x 108
| DNA 3.1 2
Murein 2.5 1
Glycogen 2.5 4,360
Total macromolecules 96.1
Small molecules
Metabolites, building blocks, etc. 2.9
Inorganic ions 1.0
Total small molecules 3.9

Table 2.1: Observed macromolecular census of an E. coli cell. (Data from

F. C. Neidhardt et al., Physiology of the Bacterial Cel

Associates Inc., 1990 and M. Schaechter et al., Microbe,

Press, Washington, 2006.

1, Sunderland, Sinauer
Washington DC, ASM
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