Putting absolute numbers on a sporulation model 

In this exercise we shall explore absolute levels of proteins, their variability (noise) and rates of translation and degradation based on the sporulation model given by Suel et al. (PMID: 16554821) whose parameters are given in table S1 and which is given below.

a. Assume the proteins ComS and ComK are at their levels for half maximal degradation. Using the values for the parameters in Table S1 and values from bioNumbers or the literature on the size of B. Subtilis estimate the absolute numbers of molecules of ComS and ComK in a cell. 
b. Noise can be an important feature in the differentiation process of B. Subtilis. If the fluctuations (noise) go as the square root of the number of copies (this is usually a significant underestimation, but we will estimate its extent nonetheless), what is the expected coefficient of variance (CV – defined as the standard deviation divided by the mean, a common measure to assess noise levels)?
c. How many ribosomes translating at maximum speed are needed to ensure saturating rate of expression of ComK (use the rate of ribosome translation in bacteria from bioNumbers or the literature)? 
d. what is the half life time of the proteins in this model (in minutes)? Is it degradation or dilution limited? To compare the two terms you will need to find the doubling time of B. Subtilis.
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Answers:

a. We first need to find the size of a B. Subtilis cell. By searching in bioNumbers for B. Subtilis we get a range for its average length (2.3-4.7(m based on growing media, BNID 100212, 100213) and a diameter (0.87(m, BNID 100211). Assuming it has cylindrical shape we arrive at a volume of ~2(m3 (any similar result up to a factor of 2 is good enough and can easily be the case in reality). We now need to convert from concentration to absolute numbers. We will find what is a concentration of 1 nM in a volume of 1(m3 in terms of molecules. 1nM is 6*10^23*10^-9=6*10^14 molecules/liter. 1(m3 is 10^-15 liter. Thus 1nM in 1(m3 is equivalent to 6*10^14*10^-15=0.6 molecules. This is the basis for the “rule of thumb” that a concentration of 1 nM in a volume of an e.coli cell is about 1 molecule per cell. Back to our bug. So 1nM is ~1.2 molecules/cell and therefore for ComS we have ~60 molecules/cell and for ComK we have ~600 molecules per cell.

b. For ComS which has 60 molecules per cell we will have fluctuations of amplitude √60 and thus a CV of √60/60=1/√60~0.13=13%. Similarly, For ComK which has 600 molecules per cell we will have fluctuations of amplitude √600 and thus a CV of √600/600=1/√600~0.04=4%.
c. The table indicates a maximal translation rate of 0.049 nM/s. We know from (a) that this is equivalent to about 0.06 protein/sec. ComK is 576 bp long (~200 aa. I found out by searching “bacillus subtilis” in Google, and the second hit was http://genolist.pasteur.fr/SubtiList/ which you can then search for ComK and you get its length. If you assume any other reasonable value, say around 100-400 amino acids, that will also be reasonable). It therefore requires translation of about 12 aa/sec. Given that the rate of translation of the ribosome is about 12-21 aa/sec (BNID100059). One needs ~1 ribosome. (Note that we omitted here factors of translation initiation etc which in some cases might be rate limiting).
d. Given a degradation rate of 0.0014 sec-1, and assuming exponential decay the half life time will be ln(2)/0.0014 ~ 495 sec ~ 8 minutes. The cell cycle is much longer and thus degradation and not dilution is the dominant factor. 
