Experiment 1

General:

TA:
Culture yeast on an agar plate at RT for 2 days, then leave in fridge (not more than 1 week before start of expt.).  Make sure to instruct students on proper sterile technique (refer to Biofloprotocols).



Students:
If calibrating or doing anything on a non-lab day, please inform Les, Gary or Joe 24 hrs. in advance!



Wear latex gloves when handling the cells and opening sterile media/equipment.

Objectives:


1. Determine the volumetric mass transfer coefficient for the bioreactor through the utilization of empirical relationships (found in the literature), the unsteady-state method (no cells present) and the dynamic method (cells present).  Compare these values to those found in the literature and comment on the accuracy of each method in determining volumetric mass transfer coefficients.

2. Construct a standard curve to correlate cell dry weight (g/L) to optical density of the cell suspension.  The yeast should be grown in three separate shake flasks and samples collected from the lag phase and exponential phase (this should cover a complete range of cell densities).

Day 1

1. Make media, glucose and tryptophan solutions.  Autoclave equipment and media. The following should be autoclaved: the assembled fermentor with media, shake flasks with media, a 100 ml glass graduated cylinder, a 1 L glass bottle with cap loosely screwed on and a box of blue pipet tips.  See Biofloprotocols for the specific methods for media preparation and autoclaving.


2. You should be ready to use the autoclave by 2:30 pm. During autoclaving, the students should familiarize themselves with the computer operation. 

3. Check supply of air and nitrogen.  To run the fermentor, you need an air tank with at least 1200 psi and a nitrogen tank with at least 500 psi.  Inform Gary or Joe if the tanks need to be changed.

4. Clean all glassware and miscellaneous items used for the media preparation and autoclaving.  Leave all fermentation items at the Fermentation Station, NOT near the sink counter.

5. Fill out the work request form to request more gas tanks (if needed) and to have the computer turned on for the next day (morning time).

6. Check your supplies for sufficient raw materials, cuvettes, pipets, blue and yellow pipet tips, etc. 

Day 2


1. Using the sterile blue pipet tips and 1000 ul pipetman, add 1-2 ml antifoam to the reactor through the inoculation port.  

2. Using a sterile 10 ml pipet tip and a bulb, add 5 ml of the tryptophan solution.  Using an autoclaved glass graduated cylinder, add 100 ml of the glucose solution through the same inoculation port.  

3. Calibrate DO probe, start datalogging.  The calibration can be performed the day before if necessary.  Leave fermentor on if calibrating the day before.   See Biofloprotocols for calibration and startup methods (approximate time - 1 hr).

4. Perform kLa measurements without cells present (approximate time - 3-4 hrs).

5. Shut down the fermentor properly, see the Biofloprotocols for specific details.  

6. If you are saving your work on the computer, create a folder in the Biocmd directory with your group name and year, i.e., GroupG2004.  Data cannot be saved to the desktop, and therefore all data will be erased when the computer is shut down.

Day before Day 3


1. Add appropriate amounts of glucose (10 ml) and tryptophan (500 ul) to the shake flasks to get them ready for inoculation.

2. Inoculate shake flasks (2) by 4 pm (approximate time - 0.25 hrs).  See Biofloprotocols for specific method.  

3. Recalibrate the DO probe.

Day 3


1. Measure the optical density (OD) of samples from the shake flasks.  Use fresh media as a blank to zero the spectrophotometer, save this cuvette for blanking the spectrophotometer throughout the day (at least once every two hours) – make sure to parafilm the cuvette to avoid evaporation.  The OD of the shake flask samples should be 0.8 or higher at 660 nm.  

2. Inoculate the fermentor with yeast from the shake flasks by 8:30 am.  The amount you add will depend on the OD of the samples.  First add 40-50 ml, agitate for 2-3 minutes.  Take a 1 ml sample from the sampling port to remove the dead volume in the sample port tubing and then take a sample directly into a cuvette for an OD reading. If the OD reading is less than 0.1, assess how much additional yeast suspension should be added and repeat to obtain an initial OD reading between 0.1-0.2.  Also inoculate three shake flasks in the same manner to obtain an initial OD of 0.1-0.2 (approximate time - 0.5 hrs).

3. Take samples from the fermentor for OD readings and samples from the shake flasks for weight measurements every hour before exponential and then every 15-30 min.  See Biofloprotocols – Yeast Standard Curve for specific method.


4. Measure kLa in the fermentor during exponential phase, this should be during normal lab hours (approximate time - 4 hrs)


5. Keep taking OD and weight measurements until stationary phase is reached to generate a complete standard curve.

Day 4


1. Clean up equipment thoroughly, have TA inspect area and equipment (approximate time - 2 hrs)

2. Weigh the dry yeast samples.
Experiment 2

General:

TA:
Culture yeast on an agar plate at RT for 2 days, then leave in fridge (not more than 1 week before start of expt.).  Make sure to instruct students on proper sterile technique (refer to Biofloprotocols).


Students:
If calibrating or doing anything on a non-lab day, please inform Les, Gary or Joe 24 hrs. in advance!



Wear latex gloves when handling the cells and opening sterile media/equipment.

Objectives:


1. Characterize the growth of the yeast Saccharomyces cerevisiae in both the Bioflo fermentor and in parallel in shake flasks (in triplicate)

2. Develop a growth curve (try to demonstrate the presence of lag phase, exponential phase and stationary phase; this will require spending some time outside of the designated laboratory sessions to complete and consequently less time during the designated laboratory sessions).

3. Determine the specific growth rate and specific glucose uptake rate during exponential phase.

4. Calculate the kinetic parameters (μmax and Ks) assuming Monod growth.

5. Calculate the growth yield based on glucose as a substrate.

6. Compare all data collected using the Bioflo fermentor and the shake flasks.

Day 1


1. Make media.  Autoclave equipment and media. The following should be autoclaved: the assembled fermentor with media, shake flasks with media (5-6), a 100 ml glass graduated cylinder, a 1 L glass bottle with cap loosely screwed on and a box of blue pipet tips.  See Biofloprotocols for the specific methods for media preparation and autoclaving.


2. You should be ready to use the autoclave by 2:30 pm. During autoclaving, the students should familiarize themselves with the computer operation. 

3. Check supply of air and nitrogen.  To run the fermentor, you need an air tank with at least 1200 psi and a nitrogen tank with at least 500 psi.  Inform Gary or Joe if the tanks need to be changed.

4. Clean all glassware and miscellaneous items used for the media preparation and autoclaving.  Leave all fermentation items at the Fermentation Station, NOT near the sink counter.

5. Fill out the work request form to request more gas tanks (if needed) and to have the computer turned on for the next day (morning time).

6. Check your supplies for sufficient raw materials, cuvettes, pipets, blue and yellow pipet tips, etc. 

Day before Day 2


1. Add glucose and tryptophan to the shake flasks ready for inoculation.  Using a sterile 10 ml pipet tip and a bulb, add 10 ml of the glucose solution.  Using the sterile blue pipet tips and 1000 ul pipetman, 0.5 ml of the tryptophan solution.

2. Inoculate shake flasks (2) by 4 pm (approximate time - 0.25 hrs).  See Biofloprotocols for specific method.  

3. Calibrate DO probe or calibrate the morning of Day 2 depending on the student schedules.


Day 2


1. Using the sterile blue pipet tips and 1000 ul pipetman, add 1-2 ml antifoam to the reactor through the inoculation port.  

2. Using a sterile 10 ml pipet tip and a bulb, add 5 ml of the tryptophan solution.  Using an autoclaved glass graduated cylinder, add 100 ml of the glucose solution through the same inoculation port.  

3. Calibrate DO probe, start datalogging.  The calibration can be performed the day before if necessary.  Leave fermentor on if calibrating the day before.   See Biofloprotocols for calibration and startup methods.  (approximate time - 1 hr)

4. Measure the optical density (OD) of samples from the shake flasks.  Use fresh media as a blank to zero the spectrophotometer, save this cuvette for blanking the spectrophotometer throughout the day (at least once every two hours) – make sure to parafilm the cuvette to avoid evaporation.  The OD of the shake flask samples should be 0.8 or higher at 660 nm.  

5. Inoculate the fermentor with yeast from the shake flasks by 8:30 am.  The amount you add will depend on the OD of the samples.  First add 40-50 ml, agitate for 2-3 minutes.  Take a 1 ml sample from the sampling port to remove the dead volume in the sample port tubing and then take a sample directly into a cuvette for an OD reading. If the OD reading is less than 0.1, assess how much additional yeast suspension should be added and repeat to obtain an initial OD reading between 0.1-0.2.  

6. The samples used to measure the OD can be filtered afterwards and stored in microcentrifuge tubes for glucose/ethanol analysis later.  To filter, take a 1 ml syringe with a syringe filter attached and pipet ~ 1 ml of the yeast sample into the syringe and filter directly into a microcentrifuge tube.  The samples should be stored in the freezer until ready for analysis.  A 1 ml sample is sufficient for both assays (glucose and ethanol).

a. A single syringe and filter can be used for 5-10 samples with the syringes rinsed with distilled water in between samples.  If a filter clogs, replace with a new filter.  The syringe and used filters can be disposed of as regular trash.  Only needles/razors should be disposed of in the Sharps container.

7. Take samples from the fermentor for OD readings every hour before exponential phase and then every 15-30 min.  

a. If the OD is above 1, the samples should be diluted with medium to achieve a lower OD.  It is very important to properly measure out the medium and cell sample and mix the two thoroughly before measuring the OD, otherwise there will be discrepancies.  You can parafilm cuvettes and carefully invert several times to mix effectively.  Note the dilution factor in the lab notebook.   

8. Keep taking OD measurements until stationary phase is reached to generate a complete standard curve.  Make sure that you collect samples at the end of exponential phase (when the substrate concentration is low).  These samples will be necessary for you to calculate the Monod constant (Ks). If possible, continue the experiment beyond stationary phase to detect death phase.  You will need to take samples sporadically until a decline in OD is detected.  Take a few samples past this point to calculate a death rate constant.

9. If you are saving your work on the computer, create a folder in the Biocmd directory with your group name and year, i.e., GroupG2004.  Data cannot be saved to the desktop, and therefore all data will be erased when the computer is shut down.

Day 2: Shake flask growth experiment
1. There should be 3 shake flasks with 90 ml of autoclaved media ready to use.

2. Add glucose and tryptophan to the shake flasks ready for inoculation.  Using a sterile 10 ml pipet tip and a bulb, add 10 ml of the glucose solution.  Using the sterile blue pipet tips and 1000 ul pipetman, 0.5 ml of the tryptophan solution.

3. Inoculate shake flasks with enough of the high density shake flasks material to achieve an initial OD of 0.1-0.2.   

4. Place on shaker and record shaker speed, start time of experiment and initial OD.
5. Measure the initial OD for each shake flask. 

6. Take a 1 mL sample and measure the OD.  This same sample can be filtered and stored in the freezer for glucose and ethanol assays.  You should have three separate samples for each timepoint.  
7. Take timepoints every 30 minutes and then every 15 minutes during exponential phase and again every 30 minutes post-exponential phase.

Day 3 and 4

1. Run glucose assay and ethanol assays.

2. Clean up equipment thoroughly, have TA inspect area and equipment. (2 hrs)

Experiment 3

General:

TA:
Culture yeast on an agar plate at RT for 2 days, then leave in fridge (not more than 1 week before start of expt.)


Students:
If calibrating or doing anything on a non-lab day, please inform Les, Gary or Joe 24 hrs. in advance!



Wear latex gloves when handling the cells and opening sterile media/equipment.

Objectives:


1. Design experiments to test the effect of ethanol inhibition on aerobic growth parameters.  

2. Use the data from the previous laboratory group for baseline growth parameters (no ethanol present), but also determine these variables yourselves for comparison.  

3. Comment on the possible effects, if any, on the yield coefficient (YX/S).

Day 1


1. Make media.  Autoclave equipment and media. The following should be autoclaved: the assembled fermentor with media, shake flasks with media, a 100 ml glass graduated cylinder, and a box of blue pipet tips.  See Biofloprotocols for the specific methods for media preparation and autoclaving.


2. You should be ready to autoclave by 2:30 pm. During autoclaving, the students should familiarize themselves with the computer operation. 

3. Check supply of air and nitrogen.  To run the fermentor, you need an air tank with at least 1200 psi and a nitrogen tank with at least 500 psi.  Inform Gary or Joe if the tanks need to be changed.

4. Clean all glassware and miscellaneous items used for the media preparation and autoclaving.  Leave all fermentation items at the Fermentation Station, NOT near the sink counter.

5. Fill out the work request form to request more gas tanks (if needed) and to have the computer turned on for the next day (morning time).

6. Check your supplies for sufficient raw materials, cuvettes, pipets, blue and yellow pipet tips, etc. 

Day before Day 2


1. Add glucose and tryptophan to the shake flasks ready for inoculation.

2. Inoculate shake flasks (2) by 4 pm (0.25 hrs).  See Biofloprotocols for specific method.  

3. Calibrate DO probe or calibrate the morning of Day 2 depending on the student schedules.


Day 2


1. Using the sterile blue pipet tips and 1000 ul pipetman, add 1-2 ml antifoam to the reactor through the inoculation port.  

2. Using a sterile 10 ml pipet tip and a bulb, add 5 ml of the tryptophan solution.  Using an autoclaved glass graduated cylinder, add 100 ml of the glucose solution through the same inoculation port.  

3. Calibrate DO probe, start datalogging.  The calibration can be performed the day before if necessary.  Leave fermentor on if calibrating the day before.   See Biofloprotocols for calibration and startup methods.  (1 hr)

4. Measure the optical density (OD) of samples from the shake flasks.  Use fresh media as a blank to zero the spectrophotometer, save this cuvette for blanking the spectrophotometer throughout the day (at least once every two hours).  The OD of the shake flask samples should be 0.8 or higher at 660 nm.  

5. Inoculate the fermentor with yeast from the shake flasks by 8:30 am.  The amount you add will depend on the OD of the samples.  First add 40-50 ml, agitate for 2-3 minutes .  Take a 1 ml sample from the sampling port  to remove the dead volume in the sample port tubing and then take a sample directly into a cuvette for an OD reading. If the OD reading is less than 0.1, assess how much additional yeast suspension should be added and repeat to obtain an initial OD reading between 0.1-0.2.  

6. The samples used to measure the OD can be filtered afterwards and stored in microcentrifuge tubes for glucose/ethanol analysis later.  To filter, take a 1 ml syringe with a syringe filter attached and pipet ~ 1 ml of the yeast sample into the syringe and filter directly into a microcentrifuge tube.  The samples should be stored in the freezer until ready for analysis.  A 1 ml sample is sufficient for both assays.

a. A single syringe and filter can be used for 5-10 samples with the syringes rinsed with distilled water in between samples.  If a filter clogs, replaces with a new syringe/filter.  The syringe/filter can be disposed of as regular trash.  Only needles/razors should be disposed of in the Sharps container.

7. Take samples from the fermentor for OD readings every hour before exponential and then every 15-30 min. 

a. If the OD is above 1, the samples should be diluted with medium to achieve a lower OD.  It is very important to properly measure out the medium and cell sample and mix the two thoroughly before measuring the OD, otherwise there will be discrepancies.  Note the dilution factor in the lab notebook.   

8. Allow the yeast to grow for at least two hours during the exponential phase, and then add a specific concentration of ethanol, recommended time for addition is between the 6-8 hours after inoculation.  

9. Keep taking OD until stationary phase is reached to generate a complete standard curve.

10. If you are saving your work on the computer, create a folder in the Biocmd directory with your group name and year, i.e. GroupG2004.  Data cannot be saved to the desktop, they will be erased when the computer is shut down.

Day before Day 3


1. Repeat the steps from Day 1 to prepare for a new fermentation run, in summary:

a. Clean fermentor, make new media and autoclave before noon.


b. Inoculate shake flasks by 4 pm.

c. Calibrate DO probe or calibrate the morning of Day 3 depending on the student schedules.


Day 3


1. Using the sterile blue pipet tips and 1000 ul pipetman, add 1-2 ml antifoam to the reactor through the inoculation port.  

2. Using a sterile 10 ml pipet tip and a bulb, add 5 ml of the tryptophan solution.  Using an autoclaved glass graduated cylinder, add 100 ml of the glucose solution through the same inoculation port.  The glucose concentrate should be lower than the first run to obtain data for low [S].    

3. Calibrate DO probe, start datalogging.  The calibration can be performed the day before if necessary.  Leave fermentor on if calibrating the day before.   See Biofloprotocols for calibration and startup methods.  (1 hr)

4. Measure the optical density (OD) of samples from the shake flasks.  Use fresh media as a blank to zero the spectrophotometer, save this cuvette for blanking the spectrophotometer throughout the day (at least once every two hours).  The OD of the shake flask samples should be 0.8 or higher at 660 nm.  

5. Inoculate the fermentor with yeast from the shake flasks by 8:30 am.  The amount you add will depend on the OD of the samples.  First add 40-50 ml, agitate for 2-3 minutes .  Take a 1 ml sample from the sampling port  to remove the dead volume in the sample port tubing and then take a sample directly into a cuvette for an OD reading. If the OD reading is less than 0.1, assess how much additional yeast suspension should be added and repeat to obtain an initial OD reading between 0.1-0.2.  

6. The samples used to measure the OD can be filtered afterwards and stored in microcentrifuge tubes for glucose/ethanol analysis later.  To filter, take a 1 ml syringe with a syringe filter attached and pipet ~ 1 ml of the yeast sample into the syringe and filter directly into a microcentrifuge tube.  The samples should be stored in the freezer until ready for analysis.  A 1 ml sample is sufficient for both assays.

a. A single syringe and filter can be used for 5-10 samples with the syringes rinsed with distilled water in between samples.  If a filter clogs, replaces with a new syringe/filter.  The syringe/filter can be disposed of as regular trash.  Only needles/razors should be disposed of in the Sharps container.

7. At the start of exponential phase, add a specific concentration of ethanol.

a. Add additional ethanol after 2-3 hours of exponential phase to obtain a third ethanol concentration for growth inhibition.

8. Take samples from the fermentor for OD readings every hour before exponential and then every 15-30 min.

a.  If the OD is above 1, the samples should be diluted with medium to achieve a lower OD.  It is very important to properly measure out the medium and cell sample and mix the two thoroughly before measuring the OD, otherwise there will be discrepancies.  Note the dilution factor in the lab notebook.    


9. Run glucose assay from the first run, see Biofloprotocols for specifics. (3 hrs)

Day 4


1. Run glucose assay from the second run. (3 hrs)

2. Run ethanol assay for both runs. (2 hrs)

3. Clean up equipment thoroughly, have TA inspect area and equipment. (2 hrs)

Experiment 4

General:

TA:
Culture yeast on an agar plate at RT for 2 days, then leave in fridge (not more than 1 week before start of expt.)


Students:
If calibrating or doing anything on a non-lab day, please inform Les, Gary or Joe 24 hrs. in advance!



Wear latex gloves when handling the cells and opening sterile media/equipment.

Objectives:

1. Test a fed-batch strategy (for glucose addition) on the growth of Saccharomyces cerevisiae. 

2. Compare to growth measured by previous groups for batch operation.  

3. Consider the application of anaerobic conditions for ethanol production once the growth yield has reached stationary phase.
Day 1


1. Make media and a 50% glucose solution.  Autoclave equipment and media. The following should be autoclaved: the assembled fermentor with media, shake flasks with media, a 100 ml glass graduated cylinder, and a box of blue pipet tips.  See Biofloprotocols for the specific methods for media preparation and autoclaving.


2. You should be ready to autoclave by 2:30 pm. During autoclaving, the students should familiarize themselves with the computer operation. 

3. Check supply of air and nitrogen.  To run the fermentor, you need an air tank with at least 1200 psi and a nitrogen tank with at least 500 psi.  Inform Gary or Joe if the tanks need to be changed.

4. Clean all glassware and miscellaneous items used for the media preparation and autoclaving.  Leave all fermentation items at the Fermentation Station, NOT near the sink counter.

5. Fill out the work request form to request more gas tanks (if needed) and to have the computer turned on for the next day (morning time).

6. Check your supplies for sufficient raw materials, cuvettes, pipets, blue and yellow pipet tips, etc. 

7. If you are saving your work on the computer, create a folder in the Biocmd directory with your group name and year, i.e. GroupG2004.  Data cannot be saved to the desktop, they will be erased when the computer is shut down.

Day before Day 2


1. Add glucose and tryptophan to the shake flasks ready for inoculation.

2. Inoculate shake flasks (2) by 4 pm (0.25 hrs).  See Biofloprotocols for specific method.  

3. Calibrate DO probe or calibrate the morning of Day 2 depending on the student schedules.


Day 2


1. Using the sterile blue pipet tips and 1000 ul pipetman, add 1-2 ml antifoam to the reactor through the inoculation port.  

2. Using a sterile 10 ml pipet tip and a bulb, add 5 ml of the tryptophan solution.  Using an autoclaved glass graduated cylinder, add 100 ml of the glucose solution through the same inoculation port.  

3. Calibrate DO probe, start datalogging.  The calibration can be performed the day before if necessary.  Leave fermentor on if calibrating the day before.   See Biofloprotocols for calibration and startup methods.  (1 hr)

4. Measure the optical density (OD) of samples from the shake flasks.  Use fresh media as a blank to zero the spectrophotometer, save this cuvette for blanking the spectrophotometer throughout the day (at least once every two hours).  The OD of the shake flask samples should be 0.8 or higher at 660 nm.  

5. Inoculate the fermentor with yeast from the shake flasks.  The time you inoculate will depend on the schedule for sampling and adding glucose.  In Fall 2003, the group inoculated on Tuesday at noon and ended the run on Friday at noon.  The amount you add will depend on the OD of the samples.  First add 40-50 ml, agitate for 2-3 minutes .  Take a 1 ml sample from the sampling port  to remove the dead volume in the sample port tubing and then take a sample directly into a cuvette for an OD reading. If the OD reading is less than 0.1, assess how much additional yeast suspension should be added and repeat to obtain an initial OD reading between 0.1-0.2.  

6. The samples used to measure the OD can be filtered afterwards and stored in microcentrifuge tubes for glucose/ethanol analysis later.  To filter, take a 1 ml syringe with a syringe filter attached and pipet ~ 1 ml of the yeast sample into the syringe and filter directly into a microcentrifuge tube.  The samples should be stored in the freezer until ready for analysis.  A 1 ml sample is sufficient for both assays.

a. A single syringe and filter can be used for 5-10 samples with the syringes rinsed with distilled water in between samples.  If a filter clogs, replaces with a new syringe/filter.  The syringe/filter can be disposed of as regular trash.  Only needles/razors should be disposed of in the Sharps container.

7. Take samples from the fermentor for OD readings every hour before exponential and then every 15-30 min. 

a. If the OD is above 1, the samples should be diluted with medium to achieve a lower OD.  It is very important to properly measure out the medium and cell sample using a 1000 l pipetman.  Mix the two thoroughly before measuring the OD, otherwise there will be discrepancies.  Note the dilution factor in the lab notebook.   

8. Keep taking OD until stationary phase is reached to generate a complete standard curve.

9. Shut off air when lag phase is complete (~24 hours), continue taking OD measurements and filtered samples.

10. At 24 hours, add a concentrated amount of glucose in a fed-batch strategy (ex.  add 20 ml of a 50% glucose solution to feed 10 g/L, repeat every four hours).

11. Continue monitoring the system for an additional 36-40 hours.

Day 3


1. Run glucose and ethanol assays. (4 hrs)

Day 4


1. Run glucose and ethanol assays. (3 hrs)

2. Clean up equipment thoroughly, have TA inspect area and equipment. (2 hrs)


Experiment 1


