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Topic: Batch growth - interpretation of experimental data
After working on this topic you will be able to.....

· deduce or calculate the initial values x0, s0 and the growth parameters µmax and Yx/s from your experimental data (or from literature data); 

· describe and interpret experimental data from batch cultures with the help of mathematical models; 

· differentiate the lag and acceleration phase, the phase of unlimited growth and the phases of kinetic and stoichiometric limitation. 
During the practical work you monitor the growth of E. coli K12 in batch culture with glucose as sole source of carbon and energy at 37ºC. This computer exercise accompanies the experiment and helps you to interpret your results.
The following exercises have to be worked on:
A 
With which mathematical models can you describe the results of the batch growth experiment with glucose?
B
How does the specific growth rate evolve during growth with the complex medium LB?

HOW TO PROCEED
A 
With which mathematical models can you describe the results of the batch growth experiment with glucose?
1. Find out what the exercise is about.

2. Introduce the results (OD546 and glucose concentrations) from the batch growth experiments with 1 g/l and 10 mg/l glucose into an Excel sheet.

3. Draw the curves x = f(t) and s = f(t).
4. Represent ln(x) = f(t) and determine the phase of exponential growth.
5. Calculate Yx/s and µmax from the experimental data.

6. Based on a mathematical function for x(t) and for s(t) and the experimentally determined values x0 and. s0 calculate the time courses of the biomass and substrate concentrations during the experiment (Excel). 
7. Compare the calculated curves with the experimental results in an Excel graph. 

8. If necessary, shift t = 0 of your experimental data to the beginning of the exponential growth phase to better fit the measured growth curve with the simulated one. If no glucose concentration is available for that timepoint, calculate the substrate concentration from the corresponding biomass concentration using the yield.
9. Name the growth phase(s) that you could fit with the mathematical functions x(t) and s(t).

10. Name the growth phase(s) that you could not fit with these functions.

11. Formulate equations to mathematically describe these latter phases (if at all possible).
12. Open the simulation applet, choose the system “Batch” and the scenario “Batch”.
13. Import your experimental data into the simulation applet.

14. Simulate the growth curves using x0 and s0 from the experimental data and the values calculated for Yx/s and µmax (and using the default value for Ks). Compare the measured and simulated curves.
15. If necessary, shift t = 0 of your experimental data to the beginning of the exponential growth phase to better fit the measured growth curve with the simulated one

16. Name the growth phase(s) that you could fit with the simulation program.

17. Name the growth phase(s) that you could not fit with the simulation program.
18. Check whether by changing Ks a better fitting of the simulated and experimentally determined curves can be obtained. Give reasons for your observations.

19. Answer the question.

B.
How does the specific growth rate evolve during growth with the complex medium LB?

1. Find out what the exercise is about.

2. Introduce the results (OD546 and DOC concentrations) from the two batch growth experiments with LB into an Excel-sheet. 

3. Draw the growth curves x = f(t) and s = f(t).

4. Determine the percentage of DOC of the LB medium that was utilised by the bacteria.

5. Represent ln(x) = f(t).

6. Determine the specific growth rate µ in each time point by calculating the slope of three or five adjacent points.
7. Represent ln(x) and µ as a function of time in one graph. Give reasons for the observed curves.
8. Based on the results from the batch experiments comment on the statement in the materials & methods section of a paper of Tao et al. (1998) (Fig_Taoetal_1998).   
9. Answer the question.
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Fig_Taoetal_1998. Extract from the materials & methods section from the paper “Functional genomics: expression analysis of Escherichia coli growing on minimal and rich media” by Tao et al. (1998).
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