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1. Purpose
1.1. To detail step-by-step procedures used to set-up and conduct a 3 L Applikon bioreactor cell culture run
2. Scope

2.1. This Development Operating Procedure (DOP) applies to running the 3 L Applikon bioreactors
3. Responsibilities

3.1. All personnel operating the 3 L Applikon bioreactors are responsible for understanding and using this procedure
4. References

4.1. VPPL-CC-0002, Autoclaving/dishwasher

4.2. VPPL-CC-0020, Sterile Tubing Welder

4.3. VPPL-FS-003, pH Calibration and Use
4.4. VPPL-CC-0021, Shake Flask and Bioreactor Sampling and Analysis

4.5. VPPL-CC-0020, Making Commercial Growth Medium
4.6. VPPL-FS-002, Good Documentation Practices
5. Safety Considerations

5.1. Standard lab Personal Protective Equipment (PPE) is required when using any equipment at the VPPL.

5.2. Special care should be exercised when handling hot equipment and materials from the autoclave.

6. Definitions

6.1. Transfer bottle or transfer apparatus: typically a bottle or bag that is used to transfer sterile materials such as cells in culture, culture growth medium and feed medium into the bioreactor.  Transfer apparatuses are presterilized, filled under aseptic conditions (e.g. in a biosafety cabinet) and then aseptically (e.g. using a sterile hosing welder) connected to the bioreactor.

6.2. Overlay or overlay gassing: gasses (air, oxygen, etc.) are supplied to the headspace of the bioreactor.

6.3. Sparging: gases are supplied under the surface of the growth medium
6.4. ez-Controller or ez-Controller base unit: the large cabinet portion of the bioreactor system that houses the controller and other electronics, gassing manifold and touch pad screen used.

6.5. Vessel or bioreactor vessel: the glass jar in which cell growth occurs.
6.6. Headplate or bioreactor headplate: the stainless steel disk that attaches to the vessel to complete the bioreac!or.  Probes, inlet/outlet ports, etc. are inserted in the headplate.
7. Equipment and Materials
7.1. Equipment
7.1.1. Shaker incubator (lnfors, Bottmingen, Switzerland, Model No.: AJ125)
7.1.2. Biological safety cabinet (Baker, Sanford, ME, Model No. SG503A-HE)

7.1.3. Cell Counter (Roche Diagnostics, Roche Diaw1ostics, Indianapolis, IN, Model No.: CEDEX HiRES)
7.1.4. Microfuge (ThermoFisher Scientific, Waltham, MA, Model No.: Sorvall Biofuge fresco; Rotor Cat No.: 3325B)

7.1.5. pH meter (Corning , Corning, NY, Model No.: Pinnacle 542 or equivalent)
7.1.6. Metabolite analyzer [NovaFlex] (Nova Biomedical, Waltham, MA, Model No.: NOVA Flex)
7.1.7. 3 L Bioreactor (Applilmn, Foster City, C/\ Model No.: 3L Biobundle with ez­ Controller)

7.1.8. Autoclave (Getinge, Rochester·, NY, Model No.: 733LS)
7.1.9. Pump (MasterFlex, Barrington, IL, Model No.:7550-50)
7.1.10. Sterile Hosing Welder (Terumo, Elkton, MD, Model No.:SCDllB)

7.2. Materials

7.2.1. Disposables/Plasticware/Glassware

7.2.1.1. 1 ml pipette (VWR, West Chester, PA, Cat No.: 53283-700 or equivalent)
7.2.1.2. 5 ml Pipette (VWR, West Chester, PA, Cat No.: 53283-706 or equivalent)
7.2.1.3. 10 ml Pipette (VWR, West Chester, PA, Cat. No.: 53283-708 or equivalent)
7.2.1.4. 25 ml Pipette (VWR, West Chester, PA, Cat. No.: 53283-710 or equivalent)
7.2.1.5. 50 ml Pipette (VWR. West Chester, PA, Cat. No.: 53283-712 or equivalent)
7.2.1.6. 10 µl Pipette tip (Rainin, Oakland, CA, Cat. No.: RT-10F or equivalent)
7.2.1.7. 10 µl Pipette tip (Rainin, Oakland, CA, Cat. No.: RT-L10F or equivalent)
7.2.1.8. 200 µl Pipette tip (Rainin, Oakland, CA, Cal. No.: RT·200F or equivalent)
7.2.1.9. 200 µl Pipette tip (Rainin, Oakland, CA, Cal. No.: RT·L200F or equivalent)
7.2.1.10. 1000 µl Pipette tip (Rainin, Oakland, CA, Cal. No.: RT-1000F or equivalent)
7.2.1.11. 1000 µl Pipette tip (Rainin, Oakland, CA, Cat. No.: RT-L1000F or equivalent)
7.2.1.12. CEDEX Sample Cups (Roche Diagnostics, Indianapolis, IN, Cat. No.:05650623001)

7.2.1.13. 250 ml Glass Bottle with liquid transfer lid (VWR, West Chester, PA, Cat. No.:89012-130 or equivalent)
7.2.1.14. 500 ml Glass Bottle with liquid transfer lid (VWR, West Chester, PA, Cat No.:89012-132 or equivalent)
7.2.1.15. 1000 ml Glass Bottle with liquid transfer lid (VWR, West Chester, PA, Cal. No.: 89012-134 or equivalent)

7.2.1.16. 2000 mL Glass Bottle with liquid transfer lid (VWR, West Chester, PA, Cat. No.: 89012-136 or equivalent)

7.2.1.17. 5000 ml Glass Bottle with liquid transfer lid (VWR, West Chester, PA, Cat.  No.: 89012-138 or equivalent)

7.2.1.18. C-flex tubing (Cole-Parmer, Vernon Hills, IL, Cat. No.:06422-05)
7.2.1.19. L/S 14 Silicone hose (Cole-Parmer, Vernon Hills, IL, Cat. No.:96410· 14)
7.2.1.20. L/S 14 PharMed hose (Cole-Parmer, Vernon Hills, IL, Cat. No.:06508-14)
7.2.1.21. L/S 15 Silicone hose (Cole-Parmer, Vernon Hills, IL, Cat. No.:96400-15)

7.2.1.22. US 16 Silicone hose (Cole-Parmer, Vernon Hills, IL, Cat. No.:96400-16)
7.2.1.23. 0.2 µm air ·filter (Pall Corp., Port Washington, NY,Model No.: AcroDisk 50, Cat. No.: 4250))
7.2.2. Media and other Culture Chemicals/Materials

7.2.2.1. Phosphate Buffered Saline [PBS] (lnvitrogen, Carlsbad, CA, Cat. No.: 10010)

7.2.2.2. Growth/Feed media and Misc. Additives: to be specified in experimental  protocol.
7.2.2.3. pH correction media: to be specified in experimental protocol.
8. Procedural Principles

8.1. A 3 L Applikon bioreactor and all associated equipment required for a bioreactor culture are assembled and prepared.   Dissolved oxygen (DO or DO2) and pH probes are prepared and calibrated.  This equipment is autoclave sterilized (when appropriate) and attached to the controller base unit.  Growth medium is added to the bioreactor and then cells are added to the bioreactor.  Cultures are run for times and under conditions specified in the associated experimental protocol.
9. Preliminary Operations

9.1. Obtain the experimental protocol for the experiment.  The protocol will specify growth conditions, bioreactor settings, non-standard equipment set-ups and any additional equipment required for the experiment.

9.2. Examine all equipment to be used to ensure that it is visibly clean and in good working order.

9.3. Preculture cells to be used to seed the bioreactor.
10. Procedure
10.1. An overview of the procedures described in this document is shown in Figure 1
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10.2. Figure 1. Overview of procedures described in this document.
10.3. Obtain the following data from the experimental protocol:
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12. Figure 2 Example of process description table to be included in experimental protocol.

12.1. One or more days prior to the day of inoculation obtain/assemble all necessary equipment as specified in the associated experimental protocol.  Assemble transfer vessels ("Standard Glassware for Bioreactor Run, VPPL-CC-0014,F5")  and assemble the bioreactor according to "Reactor and Headplate Assembly Worksheet, VPPL-CC- 0014.F1"

12.2. On the day prior to inoculation, complete the bioreactor assembly:
12.2.1. Calibrate the pH electrode (2 Point Calibration) according to "pH Calibration Worksheet, VPPL-CC-0014.F2"

12.2.2. Unscrew the cap at the bottom of the DO2 electrode, empty the buffer, refill with approximately 1 mL of fresh buffer, assemble and rinse assembled electrode with MilliQ water
12.2.3. Add approximately 1 L of 1X PBS to bioreactor

12.2.4. Insert and hand-tighten pH and DO2 electrodes into headplate
12.3. On the day prior to inoculation, autoclave the fully-assembled bioreactor and all associated reagent and transfer vessels for 30 minutes in an autoclave set for a liquid cycle and ≥ 121°C (VPPL-CC-0002) (Cycle P16)
12.4. During the autoclave cycle, set all controller set points according to "Setting Controller Parameters Worksheet, VPPL-CC-0014.F4”
12.4.1. Tum or leave all controls off

12.4.2. Manually set air flow to 100 mLlmin by turning the valve on the rotameter

12.5. Immediately following completion of the autoclave cycle, attach sterilized bioreactor vessel to base unit and utilities:

12.5.1. Connect gas inlet lines to inlet filters on headplate

12.5.2. Connect cooling water supply and return lines to condenser; open supply and return valves
12.5.3. Place stirrer motor into magnetic stirrer assembly
12.5.4. Connect pH and DO2 cables to probes
12.5.5. Wrap heating blanket around vessel and attach Velcro to hold in place
12.5.6. Add approximately 5 mL of water to the temperature probe well and then insert temperature probe into the well
12.5.7. Feed hose from the base addition vessel into the bottom of the Alkali pump on the ez-Controller base unit.  Continue feeding the hose through the pump head until the discharge end of the hose (attached to the bioreactor) exits the top of the pump head
12.6. Immediately after vessel is connected to the base unit, attach the transfer bottle containing growth medium and then drain the PBS from the vessel:

12.6.1. Using a tubing welder (VPPL-CC-0023), weld the transfer apparatus to the liquid inlet line (see VPPL-CC-0014,F1,  Figure 1A, port#9) of the bioreactor,
12.6.2. Increase airflow to the headspace to approximately 300-400 ml/min using rotameter.
12.6.3. Clamp all hoses from the headplate closed; clamp the gas outlet last, wait approximately 30 to 60 seconds
12.6.4. Open the sample outlet clamp; wait for sample bottle to fill approximately half-full.
12.6.5. Remove sample bottle and allow PBS to drain from bioreactor into a bucket placed under the sample apparatus.
12.6.6. When all PBS has drained, reclamp sample outlet tube and immediately unclamp the gas outlet line.  Spray the underside of the sample apparatus with 70% IPA and put a sterile sample bottle in place.

12.6.7. Decrease the airflow to the Headspace to 100 mL/min
12.7. Immediately after the PBS is drained from the vessel, add growth medium:

12.7.1. Unclamp the hose between the medium addition bottle and the bioreactor
12.7.2. Apply pressure to the headspace of the transfer apparatus (through the filter}, using either house air or a portable compressor, to force the growth medium into the vessel
12.7.3. When all medium is transferred, place two clamps on the transfer hose, one on each side of the weld, cut the hose between the two clamps and remove the transfer apparatus.

12.8. Set agitator to 100 rpm and run in manual mode ("Setting Controller Parameters Worksheet, VPPL-CC-0014.F4"}.   Start temperature control loop and wait until the bioreactor reaches the temperature set point.  Start pH control loop.

12.9. Run bioreactor for 6 to 18 hours (typically overnight).

12.10. On the day of inoculation, calibrate the DO2 probe at 100% according to " DO2 Calibration Worksheet, VPPL-CC-0014.F3".  Start DO2 control loop
12.11. On the day of inoculation, perform a pH sample correction:

12.11.1. Turn off pH control loop
12.11.2. Remove a 5 ml sample from the bioreactor.
12.11.3. Immediately measure the pH of the sample according to VPPL-FS-003
12.11.4. Enter the measured value in the "pH Sample Correction" screen ("pH Calibration Worksheet, VPPL-CC-0014.F2")
12.11.5. Tum on pH control loop
12.12. Start data logging software:

12.12.1. Turn on and log onto computer.

12.12.2. Identify and select icon for reactor (e.g. "BioXpert V2 System 1" for reactor #1).
12.12.3. Enter the following,  "Mode:" Cultivation, "Fermentor no.:" (reactor#); select "OK".
12.12.4. On the lower left of the screen select each of the pH, Temp, DO and RPM icons, They will appear on the y-axis of the graph
12.12.5. Select the "Run" dropdown and then select "New…".
12.12.6. Enter data for "Organism:", "Comments:" and  then select "OK",
12.12.7. For "Protocol Data:" enter the datafile name (see Figure 2) then select "OK",
12.13. Inoculate the bioreactor:

12.13.1. Aseptically place inoculum in an appropriately-sized sterile transfer apparatus.
12.13.2. Using a tubing welder, weld the transfer apparatus to the liquid inlet line of the bioreactor.

12.13.3. Apply pressure to the heads pace of the transfer apparatus (througl1 the filter) to force the inoculum into tl1e vessel
12.13.4. When all inoculum is transferred, place two clamps on the transfer hose, one on each side of the weld, cut the hose between the two clamps and remove the transfer apparatus
13. Calculations

13.1. None
14. Attachments

14.1. Reactor and Headplate Assembly Worksheet, VPPL-CC-0014.F1
14.2. pH Calibration Worksheet, VPPL-CC-0014.F2

14.3. DO2 Calibration Worksheet, VPPL-CC-0014.F3
14.4. Setting Controller Parameters Worksheet, VPPL-CC-0014.F4
14.5. Standard Glassware for Bioreactor Run, VPPL-CC-0014.F5
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