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GOOD PRACTICES FOR CELL CULTURE TECHNIQUES

A- ASEPTIC AND GOOD CELL CULTURE TECHNIQUES

Good cell culture practice is achieved when all procedures are carried out to a standard that precludes contamination by bacteria, fungi and mycoplasma and cross- contamination with other cell lines.

Equipment and Materials

Instruments and tools used for manipulating and maintaining cell cultures are:

· Laminar flow hood (Microflow biological safety cabinet)

· CO2 incubator

· Inverted microscope with phase contrast

· Refrigerator

· Freezer –20 -25°C

· Freezer –70-90°C 

· Centrifuge 

· Water bath 37-56°C

· Dewar (1-2 litres capacity) for handling of frozen cells

· Liquid nitrogen tank for storage

· Haemocytometer 

· Micropipettes 20-100-1000 microliter, with tips (sterile, nucleic acid and nuclease free)

· Pasteur pipettes

· Disposable sterile filters: Millex-GV 0.22 micrometer (Millipore)

· Wheaton flasks

· Disposable plastic ware:

Disposable Millipore Sterilcup 0.22 micrometer, 250 ml and 500 ml 

Pipettes 5-10 ml 

Petri dishes 35-60-100 mm 

Culture flasks 25-75 cm2 

Centrifuge tubes 15-50 ml Falcon

Eppendorf tubes 1.5 ml safe-lock, autoclaved 

Cryotubes 1.5 and 5 ml 

Syringes 5-10 ml, sterile

· Micro-dissecting surgery instruments:

Tweezers with very fine tips

Scissors 

Scalpels

· 70% ethanol in distilled water, or other suitable disinfectants

· Disposable gloves

Procedure

1. Keep all work surfaces clean and tidy.

2. Before commencing work, disinfect the hood cabinet with 70% ethanol. Disinfect gloves by washing them with 70% ethanol and allow to air dry before starting work.

3. Disinfect the surfaces of all materials and equipment before putting them into the cabinet.

4. Bottles with growth media and reagents are opened only inside the hood. Before closing the bottles, their necks and caps are flamed on a Bunsen.

5. To avoid cross contamination, cell lines should be manipulated one at a time under the hood (and all pipettes etc. changed for each new cell line). 

6. Cultures and media should be examined daily for evidence of gross bacterial or fungal contamination. 

7. After completing work, equipment and materials should be disinfected before they are removed from the hood. Work surfaces inside the hood must be sprayed with 70% ethanol; the gloves must be discarded.

8. Incubators, cabinet, centrifuges and microscopes must be cleaned regularly.

B- SAFETY ASPECTS OF CELL CULTURE

Experience from the earliest days of microbiological research has shown that most agents manipulated in the laboratory are pathogenic. Exposure to infectious agents in the laboratory is recognized as the most common occupational hazard for microbiology laboratory workers. Consequently, guidelines have evolved to protect microbiology workers based on an understanding of the risks associated with the manipulation of agents transmissible by different routes. These guidelines are based on the premise that safe working depends on a combination of structural provisions, management policies, working practices and procedures, and occasionally medical intervention. The hierarchy of biosafety levels defined for microbiological and biomedical facilities provides increasing levels of personnel and environmental protection in relation to the risk*.

Use of various types of specialized equipment that serve as primary barriers between the micro-organism and the laboratory operative is crucial for safe working. Such equipment ranges from simple gloves and other personnel protective appliances through simple containment devices (sealed centrifuge heads), to complex containment devices (biosafety cabinets and containment facilities).

Biosafety Level 1

BSL-1 is appropriate for working with micro-organisms that are not known to cause disease in healthy humans. This is the type of laboratory found in municipal water-testing laboratories, in schools, and in colleges teaching introductory microbiology classes, where the agents used are not considered hazardous. 

The door should be closed to keep visitors out of the laboratory during manipulation of the agents is in progress. Hazard warning signs must be posted on the door indicating any hazards that may be present, including radioactive materials, lasers, high noise levels, and toxic chemicals. A hand-washing sink should be available, preferably near the door. Waste materials are segregated according to hazard type, and there is an appropriate chemical decontamination tray for receiving contaminated implements. Work is done on the open bench, and plastic-backed absorbent pads can be placed on the work surface to collect splatter or droplets. Bench tops should be impervious to acid and all furniture should be sturdy. If there are openable windows, they should be fitted with screens.

The laboratory should be constructed in such a manner that it can be easily cleaned and decontaminated. At BSL-1 there is no specific recommendation that the laboratory should be isolated from other parts of the building.

Standard microbiological practices in BSL-1 facilities include the use of mechanical pipetting devices; a prohibition on eating, drinking and smoking, and the necessity that all personnel wash their hands after finishing their work or, in any event, before leaving the laboratory (even temporarily). Lab coats should always be worn to protect clothes. It is recommended practice to wear gloves while manipulating agents. Additional protective equipment may include working behind a splatter shield or wearing eye or face protection.

Biosafety Level 2

This is typically the biosafety level of cell culture facilities. The agents manipulated in a BSL-2 facility are often those to which personnel have been exposed in the community (typically as children) and for which an immune response has been developed. Unlike the guidelines for BSL-1, immunizations are recommended before working with certain agents in a BSL-2 facility. Notably, immunization against hepatitis B is recommended for those who work with blood and blood products or are at high risk of exposure to them. Agents manipulated in a BSL-2 facility are transmissible by ingestion, exposure of mucous membranes, or intradermal exposure. 

As biosafety level increases, microbiological practices and procedures required at a lower level are carried forward to the next level. Thus, the standard microbiological practices used in BSL-1 are required at BSL-2, with emphasis on glove wearing, use of mechanical pipetting devices, and attention to handling needles and other sharp instruments. Eating, drinking and smoking are prohibited in BSL-2 laboratories as in BSL-1.

Access to the laboratory is restricted, and determined by the laboratory supervisor, who establishes the biosafety level, the need for specified personal protective equipment, and the need for training. The door to the laboratory is kept closed to minimize access by casual visitors.

Some work may be done on the open bench by personnel wearing appropriate protective clothing or gear. Any manipulations that may produce aerosols of infectious material must be performed in containment. The most usual containment device is a biological safety cabinet (BSC), and the most commonly employed cabinet is a Class II, type A BSC. 

In a BSC, room air drawn in at the face opening is immediately ducted down through the front grille and under the work surface, so it does not contaminate the work surface. This air is then blown up through the rear air plenum to the top of the cabinet where it divides. Thirty percent is exhausted out of the cabinet through a high efficiency particulate air (HEPA) filter back into the room or externally. The remaining 70% of the air is directed down through another HEPA filter and passes over the work surface in a laminar flow, to be removed through the front and back grilles. A typical HEPA filter removes 99.97% of all particles that are 0.3 micrometers or larger in size, which means that all microbial agents are trapped in the filter. The air returned to the laboratory and delivered to the work surface is therefore virtually sterile.

Other special practices include decontaminating work surfaces after completing work with infectious materials, keeping non-research animals out of the laboratory, and reporting all spills and accidents. Before materials are introduced into the BSC, they should be wiped with 70% alcohol to remove any external contaminants. Good management of the work within the BSC is essential for preventing cross-contamination. Rapid air movements outside the BSC (e.g. by co-workers walking past, air vents directed across the face of the BSC, etc.) will disrupt the rather fragile down-flowing air curtain, and this may result in air-borne contaminants in the cabinet being drawn into the lap of the worker, or conversely may result in non-sterile air from the room eddying over the work surface. 

The following agents must always be cultured/manipulated in BSL-2 or higher containment facilities:

· All cell lines (primary or established) of animal origin; in particular: 

· All cell lines (primary and established) of human and other primate origin. 

· All cell lines derived from lymphoid or tumour tissue. 

· All cell lines exposed to or transformed by any oncogenic virus.

· All cell lines exposed to or transformed by amphotropic packaging systems.

· All cell lines new to the laboratory (until shown to be free of all adventitious agents).

· All mycoplasma-containing cell lines. 

· All human clinical material (samples of human tissues and fluids obtained surgically or by autopsy)

Biosafety Level 3

BSL-3 is suitable for work with infectious agents which may cause serious or potentially lethal diseases as a result of exposure by inhalation. BSL-3 laboratories should be located away from high-traffic density areas. 

The secondary barriers required by BSL-3 facilities generally mean they should be in a separate containment building. BSL-3 facilities have a double-door entry and because the agents manipulated are transmissible by aerosol, BSL-3 facilities are designed to control air movements. Air always moves from areas of lesser contamination to those of higher contamination, e.g from a corridor into a laboratory. Furthermore, exhaust air is not re-circulated into other rooms. Exhaust air does not have to be HEPA filtered, unless local conditions are such that the air from potentially contaminated areas unavoidably has to re-enter the building air supply system.

All manipulations that may create aerosols or splatter are performed inside a BSC. The wall, ceiling and floor penetrations of the cabinets are sealed to keep both aerosols and gaseous decontaminants in. The floor of the laboratory is monolithic, and there are continuous cove mouldings that extend at least 10 cm up the wall. Ceilings should be waterproof for easy cleaning. Centrifuge tubes are placed into containment cups in the BSC, transferred to the centrifuge, spun, then returned to the BSC for unloading. In some laboratories centrifuges are placed in a vented area to minimize aerosol exposures due to centrifuge failure. Vacuum lines are protected with HEPA filters so that maintenance personnel are not exposed to infectious aerosols.

Microbiological practices in BSL-3 facilities are the same as those in BSL-1 and BSL-2. Class II type A biological safety cabinets are suitable for BSL-3 laboratories. Sometimes Class II type B3 cabinets are installed, requiring a “thimble” connection to building exhaust systems. Depending on the nature of the work being done, additional protective devices, e.g. respirators, may need to be worn. When lung protection is required, personnel require medical assessment and training in the fitting, testing and care of their respirators.

Supervisors of BSL-3 laboratories should be competent scientists experienced in working with the agents used. They establish criteria for laboratory entry, restrict access, develop appropriate practices and procedures, and train the staff. They are also responsible for developing the laboratory safety manual. Laboratory personnel must rigorously follow established guidelines, participate in specified medical surveillance programs, and report all incidents that constitute potential exposures.

Handling frozen biological material

Storage and retrieval of frozen biological material from liquid nitrogen requires appropriate personal protection equipment. The three major risks associated with liquid nitrogen (-196° C) are frostbite, asphyxiation and exposure. Gloves thick enough to insulate but flexible enough to allow ampoule manipulation should be worn. When liquid nitrogen boils off during routine use, regular ventilation is sufficient to remove the excess, but when nitrogen is being dispensed, or a lot of material is being inserted into the freezer, extra ventilation is necessary.

When ampoules are submerged in nitrogen, the pressure difference between the outside and inside of the ampoule is high; if it is not perfectly sealed, liquid nitrogen will enter, so that when thawed the ampoule will explode violently. Ensure that ampoules are perfectly sealed, but in any event wear eye protection and a face shield. Thawing from storage under liquid nitrogen must always be allowed to occur in a container with a lid, such as a plastic bucket, and eye protection and face shield must be worn.

* Biosafety in Microbiological and Biomedical Laboratories  (BMBL), U.S. Department of Health and Human Services, Centers for Disease Control and Prevention and National Institutes of Health, Fourth Edition, May 1999, http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4toc.htm
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