PRINCIPLES OF MODERN MICROBIOLOGY

Mark Wheelis
ANSWERS TO STUDYQUESTIONS

Chapter 9

Microbial Growth
2. 
If the variable interdivision times of different cells in a pure culture were heritable, then the average generation time would become progressively shorter. This is because the cells with shorter interdivision times would divide more rapidly, as would their progeny, and they would thus become increasingly larger fraction of the population. Since we do not see this--average generation times for a particular strain growing under specified condition are quite constant--the interdivision times of daughter cells must be independent of the interdivision time of their mother cell.

4. 
Termination of DNA replication occurs 20 minutes before division, or at 5 minutes into the cell cycle when the generation time is 25 minutes. Initiation of DNA replication occurs 40 minutes before that, or at 15 minutes into the cell cycle of the grandmother cell. Thus in each cell cycle DNA replication initiates at 15 minutes (for the division of granddaughter cells) and terminates at 5 minutes to prepare the cell for the immediate pending division.

6. 
When the cell is born, there are two rounds of DNA replication under way. One, which will terminate five minutes into the cell cycle, has two replication forks. The second, which will terminate five minutes into the subsequent cell cycle, has four replication forks (two initiated on each of the two daughter origins). Thus there are six replication forks active when the cell is born. The first round of replication terminates at five minutes, leaving four active replication forks. The cell now has two separate chromosomes, each of which is about half replicated, so there are now four origins of replication. Each of these initiates at 15 minutes into the cell cycle, adding eight new replication forks, for a total of 12 active replication forks. Thus the rate of DNA synthesis would look like this:
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8.
We need to calculate the growing time here, and subtract it from the elapsed time to find out the length of the lag:

ln (2 X 108) = (0.92 hr-1) t + ln (1.3 X 107)

t = [ln (2 X 108) - ln (1.3 X 107)] / 0.92 = 3.0 hr of exponential growth.

Elapsed time is 4 hours, so the lag was one hour

10.
ln (3 X 108) = = (4.0 hr) k + ln (2 X 107)

k = [ln (3 X 108) - ln (2 X 107)]/ 4.0 hr = 0.69 hr-1 = 0.68hr-1
g = 0.69 / k = 1.0 hr
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