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THE DATAEBRSE OF USEFUL EIOLOGICAL HUMEERS

€.g., ribosome coli, p53 human , transcription , OO

Key Numbers for Cell Biologists

Cell size

1. Bacteria (E. coli): =0.7-1.4 um diameter,
=2-4 um length, =0.5-5 um? in volume;
107107 celliml for culture with ODgg=1

2. Yeast (S. cersvisiae): =3-6 um diameter,
=20-160 um? in volume

3. Mammalian cell volume: 100-10000 wm?;
Hela: 500-5000 um? (adherent on slide
=15-30 um diameter)

Length Scales Inside Cells

4. Mucleus volume =10% of cell volume
5. Cell membrane thickness =4-10 nm
6. “Average” protein diameter =3-6 nm
7. Base pair: 2 nm (D) x 0.34 nm (H)

8. Water molecule diameter =0.3 nm

Division, Replication, Transcription,
Translation & Degradation Rates
at 37°C with a temperature dependence Q10 of =2-3

9. Cell cycle time (exponential growth in rich
media): E. colf =20-40 min; yeast 70-140
min; human cell line (Hela): 15-30 hours

10. Rate of replication by DNA polymerase
E. coli =200-1000 bases/s;
human =40 bases/s. Transcription by
RMNA polymerase 10-100 bases/s

11. Translation rate by ribosome 10-20 aa's

12. Degradation rates (proliferating cells):
mRNA half life < cell cycle time;
protein half life = cell cycle time

Concentration
13. Concentration of 1 nM in:
E. coli is =1 molecule/cell;
Hela =1,000 molecules/cell
14. Characteristic concentration for
a signaling protein =10 nM-1uM
15. Water content: =70% by mass; General
elemental composition (dry weight) of
E. colit =C.H:0-N,; Yeast =C:sH, 05N,
5. Composition of E. colf (dry weight):
=55% protein, 20% RNA, 109 lipids,
15% others
17. Protein conc. =100 mg/ml=3 mM. 108107
per E. coli (depending on growth rate);
Total metabolites (MW-<1kD) =300mM
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Energetics
18. Membrane potential =70-200 mV >
2-6 kgT per electron (kgT=thermal energy)
9. Free energy (AG) of ATP hydrolysis under
physiological conditions
=40-60 kd/mole = =20ksT/molecule ATP;
ATP molecules required to make an
E. coli cell =10-50x10°
20. AG® resulting in order of magnitude
ratio between products and reactants
concentrations:
=6 kd/mol =60 meV =2 ksT
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Useful biological numbers extracted from the
literature. Numbers and ranges should only serve as
“rule of thumb” values. References are in the online
annotated wersion at the BioNumbers website.
Consult website and onginal references to learn
about the details of the system under study including
growth conditions, method of measurement, etc.

http://bionumbers.hms.harvard.edu/
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Diffusion and Catalysis Rate

21.

Diffusion coefficient for an “average”
protein: in cytoplasm D=5-15 um?/s >
=10 millisec to traverse an E. coli >=10s
to traverse a mammalian (Hela) cell; small
metabolite in water D=500 um/s

22. Diffusion limited on-rate for characteristic

protein =108-10° s'M-! - for a protein
substrate of concentration =1uM the
diffusion limited on-rate is =100-1000 s
thus limiting the catalytic rate kg,

Genome sizes & Error Rates
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. Genome size: E. coli =5 Mbp;

S. cerevisiae (yeast) =12 Mbp;

C. elegans (nematode) =100 Mbp;
D. melanogaster (fruit fly) =120 Mbp;
A. thaliana (arabidopsis) =120 Mbp;
M. musculus (mouse) =2.5 Gbp;

H. sapiens (human) =2.9 Gbp;

T. aestivum (wheat) =16 Gbp

L. Number of protein-coding genes:

E. coli =4,000:

S. cerevisiae =6,000;

C. elegans, A. thaliana, M. musculus,
H. sapiens =20,000

Mutation rate in DMA replication
=10-*-10-1° per bp

6. Misincorporation rate:

transcription =10~ per nucleotide;
translation =10-5-10- per amino-acid

Click on a number to see full
description and reference
www.BioNumbers.org

BbI kKorma-HnOy b HCKAIN HY’KHBIC YHCIIA, TAKHE KaK 00beMa KIICTKH WIH KIETOYHYI0 KoHneHTpaio AT®, tpats

ropa3zno OoJpIlie BpeMeHH, 9eM OBl BBl X0TeNH, B VIHTepHeTe Win JIMcTas yaeOHUKN — U Bc€ Oe3 ocoboro ycnexa?

Hy, 3T0 mpoucxoauT He TOIBKO ¢ BaMH. HacTo yAUBIAET , KaK TPyJHO HATH KOHKPETHBIE OMOJIOTHYECKUE YnCIa,
Jlake ISl CBOMCTB, KOTOpBIE OBUIM M3MEPEHbI MHOTO pa3 . UTOoOBI MOMOYB PELIUTh 3TY NMPOOIeMy AJIs BCEX M KaX0ro, Obla
coznana BioNumbers (6a3a naHHBIX KJII0OUEBBIX YHCeJ B MOJIEKYJISIpHON Onosorun). Hapsiny ¢ yuciamu, Bel Haiinete
COOTBETCTBYIOIINE CCHUIKH Ha OPUIMHAIIBHYIO JINTEPATYPy, TOJIC3HBIC 3aMeYaHus, U CBI3aHHbIE C HUMH KOJIMYECTBCHHBIC
XapaKTEePUCTHKH.

XOTS MBI ClIeJIaJIH YECTHYIO NIEPBYIO MOMBITKY YIPOCTHTH IPOIECC MTONCKA MOJIE3HbIE OMOTOTHYECKHX YHCE, eIé
MHOTO paboTs! mpeacTonT. KirtoueBoi mpobaeMoii SBIsSeTCs 3aI0THEHNE OOIBIIOT0 KOJTHYECTBA MPOITYIIEHHBIX ITyHKTOB. Ee
0J1Ha TIpo0JIeMa TIpeJIoaraeT Co3JaHue HaJIeKHOM 1 B3bICKATEIbHON MOMCKOBOH MallMHBI, KOTOPasi Ha EPBOM JKe MOTIBITKE
JlaeT IMEHHO T€ XapaKTEePUCTUKH, KOTOPBIE UILET MOJIb30BaTENb Ha CAMOM JIelIe.

Luruposanue BioNumbers, noxanyiicra, nenaiite tak: Milo et a. Nucl. Acids Res. (2010) 38: D750-D753. IIpu
HCTIONIb30BAaHUN KOHKPETHOM 3alMCH 13 0a3bl JaHHBIX HACTOSTEIHFHO PEKOMEHyeM BaM TaKKe yKa3aTh 0-3HaYHbIN
unentudurarop BioNumbers, nanpumep, "BNID 100986 , Milo et a 2010".

Opurusan:

Did you ever need to look up a number like the volume of acell or the cellular concentration of ATP, only to find yourself spending much more
time than you wanted on the Internet or flipping through textbooks - all without much success?

Well, it didn’t happen only to you. It is often surprising how difficult it can be to find concrete biological numbers, even for properties that have
been measured numerous times. To help solve this for oneand all, BioNumbers (the database of key numbers in molecular biology) was created. Along
with the numbers, you'll find the relevant references to the original literature, useful comments, and related numbers.

Though we have made an honest first try at simplifying the process of finding useful biological numbers, thereis still much work to be done. A key
challenge is filling in the large number of missing items. Another challenge involves setting up a reliable and discriminating search engine which on a
first try yields the numbers a user is actually interested in finding.

To cite BioNumbers please refer to: Milo et a. Nucl. Acids Res. (2010) 38: D750-D753. When using a specific entry from the database it is highly
recommended that you also specify the BioNumbers 6 digit ID, e.g. "BNID 100986, Milo et al 2010".



