Useful fundamental numbers
in molecular biology
The numbers quoted here were extracted from the literature. They should only serve as “rule
of thumb” values. Consult the full references to learn about the specific system under study,
growth conditions, measurement method etc. Full references at: www.bioNumbers.org
Cell sizes:
Bacteria (e.coli): ~1mm diameter, 2mm length, ~1mm3 in volume; 109cells/ml in an overnight culture (OD600~1)
Yeast (Saccharomyces cerevisiae): ~5 mm diameter, ~50 mm3 in volume
Mammalian (HELA) cell - ~2,000 mm3 in volume, adherent cell on a slide ~20 mm diameter Æ ~100,000 cells
in a confluent well of a 96 multiwell plate
Organelles and cell constituents:
Mammalian cell nucleus ~10 micron diameter
Mitochondria ~1-2 micron length, ~0.2-0.7 micron diameter
Chloroplast ~4 micron length, ~1 micron diameter
Cell membrane ~5-10 nm, “average” protein ~2nm, water molecule ~0.2nm
Concentrations
Absolute numbers “rule of thumb”: concentration of 1 nM in a cell the volume of e.coli is ~ 1molecule/cell Æ
1 mM~ 1000 molecules/bacterial (e.coli) cell; 2,000,000 molecules/mammalian (HELA) cell.
Characteristic concentration for a signaling protein ~10 nM-1mM
Water content: ~50-70% of cell. General elemental composition dry mass: C:H1.77:O0.49:N0.24
Composition of dry weight of an e.coli: ~55% protein, 20% RNA, 10% Lipids, 15% others.
Number of proteins in an e.coli cell 3-10*106 (depending on growth rate)
Energetics
DG needed to achieve an order of magnitude ratio of concentrations: ~6 kJ/mole = ~2 kT = ~60 meV
Energetic contribution of a hydrogen bond: ~6-24 kJ/mole Æ 1-4 orders of magnitude concentration change
DG of ATP hydrolysis under physiological conditions ~50 kJ/mole Æ ~20 kT
Diffusion and catalysis rate
Diffusion coefficient for a protein in the cytoplasm D~5-50 mm2/sec Æ ~10 millisec to reach from one end of an
e.coli to the other, ~10 sec to traverse a mammalian (HELA) cell. D(metabolite) ~500 mm2/sec.
Diffusion limited on-rate for a characteristic protein ~108-109 1/sec/Molar Æ for a protein substrate of
concentration ~1mM the diffusion limited on rate is ~10-100 Hz thus giving a limit on the catalytic rate Kcat
Replication, transcription, translation rates
Rate of DNA replication by DNA polymerase ~1000 bp/sec Æ ~ 60 minutes to replicate whole e.coli genome.
To achieve faster growth rates requires simultaneous internal replication forks.
Rate of transcription by RNA polymerase ~80 bp/sec
Rate of translation by the ribosome ~20 aa/sec
Mutation and error rates
Mutation rate in DNA replication ~10-9 per bp in e.coli
Error rate in translation ~10-4 per amino-acid
Please send corrections and ideas for more bioNumbers to bioNumbers@gmail.com

See a collection of useful fundamental numbers in molecular biology on other side of page
BioNumbers (bioNumbers.org) is the database of useful biological numbers. It aims to enable
you to find in one minute any common biological number important for your research, such
as the rate of translation of the ribosome, concentrations of metabolites or the number of
bacteria in your gut. You will find full references, comments and related numbers that are
useful. Check it out at: www.bioNumbers.hms.harvard.edu.
Please send suggestions and comments: ron_milo@hms.harvard.edu

