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1. Introduction

1.1 General Background
Gene transfer techniques are routinely used for a variety of research purposes. To obtain cells with stable
genetic integration, vectors containing the gene of interest may either also contain a gene conferring antibiotic
resistance, or can be co-transfected with vectors containing genes that confer resistance to antibiotics.
Selection is then carried out in the presence of the specific antibiotic. Currently cloning of stably transfected
cells relies on performing a series of limiting dilution procedures, a time consuming and labor-intensive
process. If the transfected cell line adheres to the surface of the tissue culture dish, drug resistant “colonies”
that are the clonal progeny of a single transfectant form can be harvested. Initial bulk selection of resistant
cells in liquid media can result in clonal dominance of the cultures by more rapidly growing transfectants,
thus reducing the number of independently transfected clones that are ultimately obtained.

ClonaCell™-TCS is a methylcellulose-based formulation which allows the simultaneous selection and cloning
of transfected cells in one easy step. Upon addition of the appropriate selective antibiotic, the ClonaCell™-
TCS semi-solid medium suspends the cells in one place above the surface of the dish and allows the
progeny of drug-resistant transfectants to stay together as they divide. After one to two weeks of growth
under selective conditions, the resistant cells form discrete clonal colonies that are visible to the naked eye
and easily harvested.

1.2 Advantages of ClonaCell™-TCS over Standard Selection & Cloning Methods
• Antibiotic selection and cloning of transfectants are performed in one step, minimizing both the time and

the materials required.

• Fewer manipulations are required, therefore the possibility of culture contamination is greatly reduced.

• Large numbers of transfectants can be selected and tested (more than a thousand clones can be grown
in ten 100 mm petri dishes in a single step).

• Growth conditions for several non-adherent cell lines have been optimized to give high plating efficiency
ensuring maximum yield.

• Direct cloning prevents the overgrowth of potentially valuable slow-growing clones by faster growing clones.

• Colonies are monoclonal from the start, so recloning is not typically required.

• ClonaCell™-TCS minimizes the number of clones to be screened for expression of the desired protein
because all daughter cells are found in the same colony.

• Saves about 15-20 days and 30% of technician’s work hours.

• Allows easy determination of transfection efficiency.
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1.3 ClonaCell-TCS Products
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1.4 Additional Equipment, Reagents and Supplies

Equipment

• Biosafety Cabinet for Level II Handling

• Low-speed bench centrifuge

• 37°C incubator with humidity and gas control to maintain >95% humidity
and 5% CO

2
 in air

• Pipette-aid

• Hemacytometer

• Light microscope

Reagents and Supplies

• Sterile distilled water

• Trypan Blue (StemCell Technologies, Catalog #07050)

• 15 mL and 50 mL sterile tubes

• 1 mL, 2 mL, 5 mL and 10 mL sterile serological pipettes

• 100 mm sterile plastic disposable petri dishes (StemCell Technologies, Catalog #27110)

• 96-well sterile tissue culture plates (StemCell Technologies, Catalog #27136)

• 24-well sterile tissue culture plates

• 3 mL and 6 mL syringe

• 16-gauge blunt-end needle (StemCell Technologies, Catalog #28110)

• Multi-channel pipettor, 8-channel, 20-200 µL

• Plastic Container with a loose-fitting lid, large enough to hold several 100 mm petri dishes (e.g.
Tupperware)
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2. Methods

The following common cell lines have been tested and found to grow and form distinct colonies in
ClonaCell™-TCS media:
• BaF/3 (murine pro-B cell)
• Molt-4 (human T cell lymphoma)
• K562 (human myeloid-erythroid cell)
• Jurkat (human T lymphoblastoid)
• Daudi (human B lymphoblastoid)
• UT-7 (human megakaryoblastic cell line)
• FD-5 (murine pre-myeloid)

Note: ClonaCell™-TCS is not recommended for growth of TF1, KG1 and M1 cells. These cells do not form tight
“colonies” when grown in semi-solid media.

All procedures should be carried out using sterile technique in a certified biosafety cabinet. All solutions and
media should be at room temperature.

Please read entire procedure prior to use. ClonaCell™-TCS should be thawed overnight at 4°C the
day before selection.

Please note that the following is a general procedure which may require additional modifications
and necessary controls based on experimental requirements. Please also note that the antibiotic
concentrations recommended in this manual are suggestions only. Since antibiotic resistance of a
given cell line may vary over time with continued passaging or subcloning, it may be necessary to
assess lethal antibiotic concentration in ClonaCell™-TCS prior to transfection. For cell lines which
have not been tested by this method, please refer to Section 3 - Technical Notes (page 6) for
cloning and plating efficiency, and determination of lethal antibody concentration in ClonaCell™-TCS.
Lethal antibiotic concentration of a cell line in liquid culture may differ in ClonaCell™-TCS. Although
many non-adherent cell lines grow well in ClonaCell™-TCS and form tight colonies, some do not. This
should be determined prior to using ClonaCell™-TCS.

2.1 Transfection
Prior to transfection procedures, cells should be maintained in the appropriate growth medium at logarithmic
phase of growth.

Suitable transfection protocols can be found in the following references:

• Sambrook J, Fritsch EF, Maniatis T: Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory
Press, 2nd edition, 1989

• Carey M, Smale ST: Transcription regulation in Eukaryotes: Concepts, Strategies, and Techniques. Cold
Spring Harbor Laboratory Press, 2000

• Kreigler M: Gene Transfer and Expression: A Laboratory Manual. Stockton Press, 1990

• Ravid K, Freshney RI: DNA Transfer to Cultured Cells. Wiley-Liss, 1998

After transfection, cells should be incubated in growth medium without antibiotics for 24-48 hours before
commencing selection and cloning procedure.
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2.2 Selection and Cloning

Transfection efficiency and cell survival depend on a number of factors including the gene transfected, the
cells used and the transfection method employed. The conditions and concentrations described below are
optimized for 1 x 107 cells (10 - 100 mm plates of 106 cells/plate) transfected by electroporation with plasmids
pGK/Neo, pGK/Puro or pCTV/Hygro. Researchers are advised to determine optimal cell number per plate
for individual applications.

Note: ClonaCell™-TCS medium should always make up 80% of final volume, while cells and antibiotics
should make up the remaining 20% to maintain proper viscosity. The following procedure uses
10 - 10 mL plates. Adjust volumes accordingly.

2.2.1. Thaw ClonaCell™-TCS medium overnight at 4°C the day before selection. Remove from refrigerator
and let bottle warm-up to room temperature before proceeding to next step.

2.2.2. Shake bottle of ClonaCell™-TCS vigorously to mix contents. Set aside and let bubbles dissipate
(approximately 10 minutes). Meanwhile, proceed to next step.

2.2.3. Prepare antibiotic solution: Add 10X final antibiotic concentration required for selection (see Table
1, page 7 for suggestions) AND 10X final desired concentration of cytokines (if required) to growth
medium for a final volume of 10 mL.

Growth medium is the medium you regularly use to maintain the cell line.

2.2.4. Prepare transfected cell suspension: Harvest the transfected cells into a 50 mL conical tube and
centrifuge for 10 minutes at 400 x g. Resuspend the cells in a total volume of 10 mL growth
medium (1 x 106 cells/mL) without antibiotic.

2.2.5. Using a 12-cc syringe and 16-gauge blunt-end needle, dispense 8 mL of ClonaCell™-TCS to
each of 10* - 15 mL sterile tubes. Add 1 mL of cell suspension and 1 mL of antibiotic/cytokine
mixture to the 8 mL of ClonaCell™-TCS in each tube.

Syringes with blunt-end needles should be used to aliquot methylcellulose solutions, as the viscosity
makes pipetting impossible. It is not possible to recover entire contents of bottle.

*The number of tubes used will depend on your experiment.

2.2.6. Mix tubes thoroughly by inverting several times and let sit for 15 minutes to allow air to rise to the
top.

Thorough mixing is essential to ensure thorough distribution of antibiotics and cells throughout
the viscous methylcellulose-based cloning medium.

2.2.7. Using 12-cc syringes and 16-gauge blunt-end needles, aseptically plate out 9.5 mL from each
tube into separate 100 mm sterile petri dishes. Tilt the plates gently to level mixture, being careful
to avoid trapping of air.

2.2.8. Incubate plates at 37°C in 5% CO
2
 in air and >95% humidity. Do not disturb plates for 7 - 14 days.

The time required to see macroscopic colonies varies depending on the cells used for transfection
and the antibiotic used for selection.

Incubator must be well humidified. It is advisable to put the plates in a separate plastic Tupperware
box together with an open 100 mm petri dish containing 10 mL of sterile distilled water (no lid!).
Open and close the incubator door carefully to avoid shaking.

4 /  ClonaCell™-TCS: Transfected Cells Cloning Kit
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2.3 Harvest

2.3.1. Seven to fourteen days later, depending on the cell type and antibiotic used for selection, examine
the plates for the presence of macroscopic colonies (visible to the naked eye). Place plates in
biosafety cabinet and aseptically remove isolated colonies from the plates using a pipettor set to
10 µL, and sterile pipette tips. Pipette each clone into an individual well of a 96-well tissue culture
plate containing 200 µL of growth medium containing the specific antibiotic used in the selection
process. Incubate the plates at 37°C in 5% CO

2
 for 1-4 days without feeding.

It is advisable to pick transfectants (clones) of different sizes, as slower growing transfectants (i.e.
smaller colonies) are often very good protein producers. Such slow growing transfectants are
often missed in other transfection screening procedures.

Usually by the fourth day, each well has a high cell density and the medium has begun to turn yellow.

2.3.2. Transfer 150 µL of each cell suspension to a separate well on a 96-well plate and assay appropriately
for the integrated gene and/or expression of the desired protein (e.g. ELISA, Flow Cytometry,
Western Blotting, etc.)

2.3.3. Add 150 µL of fresh growth medium containing antibiotic to every well of the original plate.

2.3.4. To the positive clones in Step 2.3.2., transfer 100 uL to each of two wells of a 24-well plate
containing 1 mL of growth medium and antibiotics.

2.3.5. When cells have grown to a suitable density, freeze the cells from one well and expand the other
in increasing volumes of growth medium.

If desired, the concentrations of antibiotics in the culture media may be decreased or even eliminated
after several passages. However, some integrants are unstable and need selective pressure to be
maintained, or need to be recloned periodically.

2.4 Recloning in ClonaCell™-TCS

If the transfected cells have been in continuous culture for a long time, it is advisible to reclone in
ClonaCell™-TCS. Also, if there are reasons to believe that the culture is not monoclonal (i.e. if the colony
number in the plates was high and you suspect you may have delivered two colonies into one well), it is
possible to reclone in ClonaCell™-TCS. Recloning can be performed in ClonaCell™-TCS with the specific
antibiotic or in ClonaCell™-TCS medium without selection.

2.4.1. Culture the transfected cells in 10 mL of growth medium at a maximum cell density of 2 x 105 cells/mL.

2.4.2. Prepare a cell suspension at a density of 50 cells/mL in growth medium.

2.4.3. To 8 mL of ClonaCell™-TCS Medium (with or without antibiotic) add 2 mL of transfected cell
suspension (100 cells). Mix well by inverting the tube several times. Let sit for 5 minutes.

2.4.4. Plate out 1 mL of the suspension in 35 mm petri dishes as described in Steps 2.2.6 and 2.2.7.

2.4.5. Incubate for 7-14 days and examine the plates for the presence of macroscopic colonies.

Assuming a plating efficiency of 50-100%, there will be 50-100 colonies in the dish.

2.4.6. Remove 15-20 colonies from the plate using a pipettor set to 10 uL and sterile pipette tips. Pipette
each clone into an individual well of a 96-well tissue culture plate containing 200 uL of growth
medium. Incubate the plates at 37°C in 5% CO

2
 for 7-14 days depending on the cell line used.

2.4.7. Continue as indicated in Step 2.3.2.
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3. Technical Notes

3.1 Growth and Plating Efficiency in ClonaCell™-TCS

To determine the optimal growth conditions and plating efficiency for cell lines not mentioned in this manual
follow the procedure described bellow.

3.1.1. Maintain cells at logarithmic phase in growth medium.

3.1.2. Count cells and determine membrane integrity by dye exclusion (i.e. Trypan Blue staining).

3.1.3. Prepare cell suspensions at 250, 500 and 750 cells/mL of growth medium.

3.1.4. Using a 3 mL syringe and 16 gauge blunt-end needle, transfer 2.4 mL of ClonaCell™-TCS Medium
(without antibiotic) into 14 mL tubes. Add 0.6 mL cell suspension described in Step 3.1.3.

3.1.5. Mix cells and medium thoroughly by inverting the tubes several times. Let sit for 5 minutes (the
different tubes contain each 50, 100 and 150 cells/mL).

For cells with special nutrient requirements, ClonaCell™-TCS must be supplemented accordingly.
Because the viscosity of methylcellulose is critical, the volume of cells and supplements must not
exceed 0.6 mL (i.e. 20% of final volume upon addition of ClonaCell™-TCS).

3.1.6. Using a 3 cc syringe and 16 gauge blunt-end needle, aseptically plate out 1 mL of cell suspension
into each of two 35 mm petri dishes. Tilt the plates gently to level mixture, being careful to avoid
trapping of air.

3.1.7. Incubate plates at 37°C in 5% CO
2
 in air. Do not disturb plates for 7-14 days.

Incubator must be well humidified. It is advisable to put the plates in a separate plastic Tupperware
box together with a 100 mm petri dish containing 10 mL sterile distilled water (no lid!). Open and
close the incubator door carefully to avoid shaking.

3.1.8. Incubate for 7-14 days, depending on the cell type used and count the number of colonies (visible
to the naked eye).

3.1.9. Calculate plating efficiency as follows:

Plating efficiency = number of colonies  X  100

    number of cells plated

ClonaCell™-TCS is not recommended for cells with plating efficiency <25%.

The following cell lines have been shown to grow well and form distinct colonies in ClonaCell™-TCS:

• BaF/3 (murine pro-B cell)

• Molt-4 (human T cell lymphoma)

• K562 (human myeloid-erythroid cell)

• Jurkat (human T lymphoblastoid)

• Daudi (human B lymphoblastoid)

• UT-7 (human T cells)

• FD-5 (murine pre-myeloid)

Note: ClonaCell™-TCS is not recommended for growth of TF1, KG1 and M1 cells.
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3.2 Determination of Lethal Antibiotic Concentration in ClonaCell™-TCS

To find the optimal lethal concentration of antibiotics for cells not mentioned in this manual, follow the procedure
described below.

3.2.1. Maintain the cell line at logarithmic phase in growth medium.

3.2.2. Count viable cells (i.e. Trypan Blue exclusion staining).

3.2.3. Prepare 10 mL of cell suspension at 1000 cells/mL in growth medium.

3.2.4. Using a 3 mL syringe and 16-gauge blunt-end needle transfer 2.4 mL of ClonaCell™-TCS Medium
into each of six 14 mL tubes.

3.2.5. To five tubes, add increasing concentrations of antibiotic in a total volume of 0.3 mL. To one tube
(without antibiotic) add 0.3 mL of growth medium.

3.2.6. To each tube add 0.3 mL cell suspension described in Step 3.2.3.

For cells with special nutrient requirements, ClonaCell™-TCS must be supplemented accordingly.
Because the viscosity of methylcellulose is critical, the volume of cells, antibiotics and supplements
added must not exceed 0.6 mL (i.e. 20% of final volume upon addition of ClonaCell™-TCS).

3.2.7. Mix tubes containing cells and methylcellulose mixture thoroughly by inversion several times. Let
sit for 5 minutes (each tube contains each 100 cells/mL).

3.2.8. Using a 3 cc syringe and 16-gauge blunt-end needle, aseptically plate out 1 mL of cell suspension
into each of two 35 mm petri dishes. Tilt the plates gently to level mixture, being careful to avoid
trapping of air.

3.2.9. Incubate plates at 37°C in 5% CO
2
 in air and >95% humidity. Do not disturb plates for 7-14 days.

Incubator must be well humidified. It is advisible to put the plates in a separate plastic Tupperware
box together with a 100 mm petri dish containing 10 mL sterile distilled water (no lid!) to ensure
adequate humidity. Open and close the incubator door carefully to avoid shaking.

3.2.10. Incubate plates for 7-14 days and count the number of macroscopic colonies (visible to the naked
eye).

3.2.11. Determine which plate contains the minimal antibiotic concentration required to kill all the cells.

This is the antibiotic concentration you should use to select the cells transfected with the gene
conferring resistance to the same antibiotic.

The cell lines BaF/3, Molt-4, K562, Jurkat, Daudi, UT-7 and FD-5 were incubated with increasing
concentrations of antibiotics G418, Puromycin and HygromycinB in ClonaCell™-TCS. Minimal
antibiotic concentration required to induce 100% cell killing is shown in Table 1.

Table 1. Suggested Final Antibiotic Concentration Required for Selection

lleC/citoibitnA 3FAB 4tloM 265K takruJ iduaD 7-TU 5DF

)Lm/gµ(nicymoruP 1 5.0 .D.N 2.0 52.0 3.0 .D.N

)Lm/gm(814G 1 2 2.1 1 1 5.0 5.0

)Lm/gm(nicymorgyH .D.N 5.0 1 5.0 51.0 3.0 .D.N
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