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Short Abstract:
Proper techniques for performing microbiological and molecular biological experiments on Mycobacterium tuberculosis in a biosafety level 3 (BSL-3) laboratory are demonstrated.  Minimization of infectious aerosol generation and redundant containment and decontamination are emphasized.  The techniques demonstrated may be generally applicable to work on other BSL-3 organisms.
Long Abstract:
	Mycobacterium tuberculosis, one of the most successful bacterial pathogens, is transmitted by aerosol.  Despite the prevalence of tuberculosis infection, estimated to include one third of humanity, our knowledge of the biology of the pathogen is limited.  In order to hasten the development of new therapeutics, a deeper understanding of how tuberculosis is able survive and thrive in the host is urgently required.  The safe experimental manipulation of M. tuberculosis requires the use of proper techniques in a BSL-3 laboratory.
	In these three protocols we demonstrate the proper techniques required to safely perform microbiological and molecular biological experiments on M. tuberculosis in a BSL-3 laboratory.  The core principles of minimization of the generation of infectious aerosols and redundant containment and decontamination are emphasized.  Specific topics include the use of personal protective equipment, setting up the biosafety cabinet, inoculation of cultures, plating bacteria, picking bacterial colonies, centrifugation, sonication, electroporation, fixation of cultures, disposal of contaminated items, and decontaminating the biosafety cabinet.
Protocol Text:
1) Subculture and Centrifugation
1.1) Culture volumes larger than 10mL should be incubated in roller bottles.
1.2) Transfer culture to roller bottle by expelling volume onto inside of bottle, do not spray and do not expel whole volume to avoid creating aerosols.
1.3) To remove roller bottle from the cabinet, prepare a clean area, wipe the bottle to the clean area, dispose of gloves, put on new gloves, wipe gloves, wipe grate, wipe bottle to grate, and place bottle into canister, do not drop into canister.
1.4) Carry canister to rolling incubator, open door, open canister, and transfer bottle to rollers.  Close canister and close door.
1.5) Retrieve grown culture from the rolling incubator by opening door, placing bottle in canister, closing canister, carrying bottle to cabinet, opening canister and placing bottle in cabinet.  Bring centrifuge buckets to cabinet.
1.6) Label centrifuge tubes, open a serological pipette and place in the pipette aid, dispose of wrapper by soaking in vesphene pot then placing in the disposal bag.
1.7) Open bottle and withdraw culture using pipette aid, pause over vesphene pot, and dispense culture into centrifuge tube down the wall of the tube; do not expel all of culture. Bring pipette to vesphene pot and seal centrifuge tube and roller bottle
1.8) Draw up vesphene to a level above that which was occupied by the culture.  Use the spray bottle to rinse the barrel of the pipette.  Dispose in the pipette disposal sleeve.
1.9) Prepare a balance with the appropriate amount of vesphene.  Be sure to label the top of the balance tube as it is more efficient to leave the bucket containing it in the centrifuge if conducting multiple washes with the same volume.
1.10) Open the buckets, remove the inserts, and pour out any residual vesphene.
1.11) Wipe tubes into the buckets, be sure tubes are balanced and lids are sealed.
1.12) Create a clean area and wipe buckets to clean area; change gloves and wipe buckets out of cabinet.  Centrifuge to pellet cells, typically 10 minutes at 4000 rpm.
1.13) After centrifugation, remove tubes from buckets to rack.  Arrange vesphene pot, waste bottle, and blue towel to safely decant supernatant.
1.14) Open tube and decant supernatant into waste bottle, wipe rim with towel.
1.15) Open pipette, draw up wash buffer, and resuspend pellet with pipette tip, then slowly add wash buffer to suspension.  Avoid bubbles, retain a small amount in the pipette, and remove pipette to vesphene pot.
1.16) Draw up vesphene to a level above that which was occupied by the culture.  Use the spray bottle to rinse the barrel of the pipette.  Dispose in the pipette disposal sleeve.
1.17) To remove the centrifuge buckets from the cabinet, remove inserts, spray vesphene in the wells, shake and pour out.  Wipe all surfaces of buckets; replace inserts and lids.  Create a clean area, wipe buckets to clean area, change gloves, and wipe out.
2) Microcentrifugation
2.1) Remove rotor and take rotor to cabinet.
2.2) Open rotor and wipe tubes into it; seal rotor.
2.3) Create a clean area, wipe rotor to clean area, change gloves, and wipe out.
2.4) Put rotor in centrifuge and fasten.  Spin.  Remove rotor and take to cabinet.
2.5) Remove samples.  Spray wells with vesphene, wipe inside, seal, make clean area; wipe outside and place on clean area.  Change gloves and wipe out.
2.6) When a helper is present you may wipe once and hand the rotor out.
3) Sonication
3.1) Transfer maximum 3mL culture to 15mL conical tube; tear piece of blue towel and wrap around cap of tube with rubber band.
3.2) Wipe tube to a clean area, change gloves; wipe out.
3.3) Put tube in sonicator, fill with water so that liquid in cup is higher than in tube.
3.4) Close door and sonicate, for our sonicator typically 10” at intensity 20.
4) Removing Samples from BSL-3
4.1) Formalin fixed or heat inactivated samples are put in a plastic bag and sprayed with vesphene for removal from BSL-3.
5) Checking the Optical Density of a Culture
5.1) Label cuvettes; prepare a blank with 1mL formalin, transfer 800 microliters formalin to sample cuvettes.  Transfer 200 microliters sample to each cuvette and cap.
5.2) Prepare a clean area and wipe cuvettes to it, wait at least 30 minutes then wipe out.
6) Electroporation
6.1) The safety stand must be in a sealed biohazard bag when outside the cabinet.
6.2) Remove the safety stand from the bag; wipe the wires and drop outside the cabinet.
6.3) Wipe all surfaces of the safety stand and change gloves.
6.4) Plug in electrodes, turn on electroporator, and check settings.
6.5) Transfer competent cells and DNA to cuvette; tamp to remove bubbles.
6.6) Place cuvette in safety stand; close safety stand and change gloves.
6.7) Pulse electroporator; if electroporating multiple samples keep one hand in the cabinet to change the cuvettes.
6.8) Turn off electroporator and return wires to cabinet.
6.9) Prepare Styrofoam rack for outgrowth tubes; transfer electroporation to outgrowth tube.
6.10) Wipe inside of box; wipe Styrofoam rack, wipe outgrowth tube into box, wipe lid and seal.  Make a clean area and wipe box to it.
6.11) Wipe all surfaces of safety stand and place on clean area; change gloves.
6.12) Place safety stand in new biohazard bag; seal and wipe bag.
6.13) Wipe and remove outgrowth box; label box with name, date, strain, and place in incubator.
Discussion:
The following are critical principles to which you should strictly adhere:
All viable cultures must be double contained before removal from the biosafety cabinet.
Once a viable culture is opened in the cabinet, the cabinet is “dirty” and all items must be double wiped before removal from the cabinet.
Outer “dirty” gloves are removed after the first wipe and no “dirty” item may be touched when entering with clean gloves for the second wipe, only the vesphene towel and the once wiped items.
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