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Product Description/Overview 

The CHOZN
®
 ZFN-Modified GS

-/- 
CHO (Chinese Hamster Ovary) cell line was created using Sigma’s 

proprietary CompoZr
®
 zinc finger nucleases (ZFN) technology.  ZFNs are a class of engineered DNA-binding 

proteins, which facilitate targeted genome editing by binding to a user-specified locus and causing a double-
strand break (DSB).  The cell then employs endogenous DNA repair processes, either non-homologous end 
joining (NHEJ) or homology-directed repair (HDR), to heal this targeted DSB.  These repair processes can be 
channeled to generate precisely targeted genomic edits resulting in an organism or cell lines with specific gene 
disruptions (knockouts), integrations, or modifications. 

Glutamine synthetase (GS) is one of the most commonly used selectable markers in the biopharmaceutical 
industry.  The GS pathway converts glutamate into glutamine.  Cells that lack the GS enzyme must be grown in 
media supplemented with glutamine to survive. Methionine Sulphoximine (MSX) inhibits the GS pathway.  In 
cells that have a functional GS gene, MSX can be used to suppress endogenous GS activity.  MSX can also be 
used to select producing clones.  However, MSX is a toxic chemical, and cannot be used in drug production.  
An MSX-free process is advantageous, and to do that, a GS knock-out cell line is needed.  SAFC’s CHOZN® 
GS

-/-
 cell line shows robust growth in culture, and can be used in MSX-free selection processes for the 

generation of high producing recombinant cell lines. 
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Precautions and Disclaimer  

The CHOZN
®
 GS

-/-
 cell line is for R&D use only, not for drug, household, or other uses. Please consult the 

Material Safety Data Sheet for information regarding hazards and safe handling practices.  

Storage and Stability  

Store the cells in the vapor phase of liquid nitrogen immediately upon arrival.  

Contents  

Component Catalog Number Quantity 

CHOZN
®
 GS

-/-
 cell line CHOGS-1VL 1 Vial of cells with >7.5e6 cells/mL 

 

Background:  CHOZN® GS-/- cell line 

The CHOZN
®
 GS

-/-
 cell line was generated using Sigma’s ZFN technology.  The starting cell line was ECACC 

CHO K1 that was adapted to suspension growth in an SAFC chemically defined media formulation.   

 

The cell line was transfected with the CompoZr® GS ZFN pair (ZFNGSA9075/ZFNGSB9372, Sigma catalog 
number ZFNGS) (target sequence CCAAGCCCATTCCTGGGAactgGAATGGTGCAGGCT).  The target 
sequence for this ZFN pair is located in exon 6 of the CHO GS gene.  This is the sequence that codes for the 
substrate binding domain of the GS enzyme, therefore, mutations at this location result in non-functional 
protein. 

 

The ZFN transfected pool was single cell cloned, and the clones were screened for mutations at the ZFN target 
site.  Several single cell clones were isolated that contained biallelic knockout mutations at the GS locus.  After 
extensive characterization of the clones, one clone was identified as having more robust characteristics than 
the others.  The clone ID for this CHOZN

®
 GS

-/-
 cell line is 2E3. 

 

 

Figure 1.  This is a schematic representation of the CHO GS gene.  The ZFN target site is indicated.  The 
ZFN9075/9372 pair target site is located in exon 6, which codes for the substrate binding domain of the protein.  
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EX-CELL® CD CHO Fusion Media 

EX-CELL
®
 CD CHO Fusion is a chemically defined, animal-component free medium developed for the long-

term growth of CHO cells.  The absence of any large macromolecules allows for streamlined isolation and 
purification of secreted proteins from the cells.  This medium does not contain L-glutamine to allow for its use 
with glutamine synthetase (GS) gene amplification systems.  

 

 

Required Cell Culture Reagents 

Cell culture reagents Manufacturer Cat. No. 

EX-CELL
®
 CD CHO Fusion Media SAFC 14365C 

CHOZN
®
 GS

-/-
 cells SAFC CHOGS 

DMSO Sigma-Aldrich D2438 

MSX (optional) Sigma-Aldrich M5379 

EX-CELL
®
 CHO Cloning Media SAFC C6366 

L-Glutamine Sigma-Aldrich G7513 
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Equipment/materials needed 

 Sterile filter:  1000ml capacity  

 Sterile pipettes 

 Biosafety cabinet 

 Freezer (-20°C) 

 T-25 and T-75 suspension cell culture flasks  

 15ml and 50ml sterile conical tube 

 125ml sterile shake flask (non-baffled, vented cap) 

 Water bath at 37°C 

 Centrifuge 

 CO2 incubator (5% CO2, 37°C) 

 Automated cell counter or hemocytometer 

 Orbital shaker plate or TPP culture incubator system (multitron or similar) 

 Sterile cryovials 

 Cryovial labels (must be LN2 resistant) 

 Freezer buddies or controlled rate freezer 

 70% isopropanol 

 Ultracold freezer (-80°C) 

 LN2 freezer boxes 

 LN2 freezer 

 Electroporation Cuvettes (4mm) 

 Bio-Rad Genepulser or similar electroporation instrument 

 Plasmid DNA containing gene expression cassettes for the protein of interest as well as an expression 
cassette for glutamine synthetase for metabolic selection (recommended plasmid concentration ~1μg/μl 

 Sterile eppendorf tubes 

 96 well suspension cell culture plates 

 24 well suspension cell culture plates 

 Micropipetters and sterile tips 

 Cell culture shake flasks or TPP tubes 

 Refrigerator 
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CHOZN
®
 GS

-/-
 User Protocols 

NOTE:  The following procedures should be performed only by personnel trained to: 

 Work with biohazardous materials 

 Use Universal Precautions 

 Use aseptic technique 

Note: All cell culture and media handling in these protocols must be carried out in a sterile biosafety cabinet.  
Small-scale shake flask cultures may be substituted with TPP tubes if available. 

Part I:   Media Preparation for CHOZN® GS-/- Cells 

Purpose 

This protocol describes procedures for creating growth media for use with CHOZN
®
 GS

-/- 
cells. 

Reagents and equipment 

 EX-CELL
®
 CD CHO Fusion media 

 Sterile filter (1000ml capacity) 

 Sterile pipettes 

 Biosafety cabinet 

 Freezer (-20°C) 

 L-glutamine 

 Refrigerator 

 Water bath at 37°C 

 70% isopropanol 

Procedure 

The following procedure is for the preparation of 1 L of Growth Media (EX-CELL
®
 CD CHO Fusion 

supplemented with 6mM L-glutamine) 

i) Prepare supplements 

a. L-glutamine: Thaw L-glutamine in a 37°C water bath until completely dissolved. After thawing, 
store L-glutamine in fridge for up to two weeks. 

ii) Add media supplements into 1L of EX-CELL
®
 CD CHO Fusion according to the chart below. 

iii) Filter media through 1000ml capacity sterile filter. 

iv) Mark the date on the media bottle and store media in fridge until needed. 

v) Discard unused media after one month. 
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Growth Media for CHOZN® GS-/- parental cells 

Material 
Product Number  
(Sigma-Aldrich) 

Volume Needed 
Final 

Concentration 

EX-CELL
®
 CD CHO Fusion 14365 C 1 L 1X 

L-Glutamine G7513 30ml 6mM 

Part II:   Stock Culture Initiation/Thawing of CHOZN® GS-/- Cells 

Purpose 

This protocol describes procedures for the stock initiation of CHOZN
®
 GS

-/-
 cells. 

Reagents and Equipment 

 T-75 suspension cell culture flask 

 15ml sterile conical tube 

 125ml sterile shake flask (non-baffled, vented cap) 

 Sterile pipettes 

 Frozen vial of CHOZN
®
 GS

-/-
 cells 

 Cell culture growth media (prepared in Part I) 

 Water bath at 37°C 

 Biosafety cabinet 

 Centrifuge 

 CO2 incubator (5% CO2, 37°C) 

 Cell counter 

 Orbital shaker plate (set at 125 rpm) 

 70% isopropanol 

Procedure 

i) Thaw the cells 

a. Adjust incubator settings to 37°C and 5% CO2. 

b. Warm growth media to room temperature or to 37°C in a water bath. 

c. Obtain sterile T-75 suspension culture flask.  

d. Obtain sterile 15 ml conical tube.  

e. Transfer 8ml of sterile growth media to the 15ml conical. 

f. Obtain frozen vial from LN2 freezer.  

g. Immediately thaw vial by gently swirling in 37°C water bath until just thawed. 

h. Spray the vial with a copious amount of 70% isopropyl alcohol and place in the biosafety 
cabinet. 
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ii) Wash the cells 

a. Transfer cells from the cryovial to the 15ml conical containing fresh media. 

b. Centrifuge at 220 rcf for 5min at room temperature to pellet the cells. 

c. Carefully aspirate off the supernatant without disturbing the cell pellet. 

iii) Culture the cells 

a. Add 10ml fresh growth media to the conical and gently resuspend the cell pellet by pipetting. 

b. Transfer the cell suspension to T-75 suspension culture flask. 

c. Passage into Subculture 1 after 24 hrs (+/- 4hrs) by transferring the 10ml of static culture from 
the T-75 flask into a 125ml shake flask containing an additional 10ml of fresh growth media.  
Place the flask on the orbital shake plate, and shake at 125 rpm.  Once in shake flask, maintain 
the cell culture stock by following the subculture protocol described in Part III. 

Part III:   Stock Maintenance/Subculturing of CHOZN® GS-/- Cells 

Purpose 

This protocol describes procedures for stock maintenance/subculturing of CHOZN
®
 GS

-/-
 cells. 

Reagents and Equipment 

 125ml sterile shake flasks (non-baffled, vented cap) or TPP tubes 

 Cell culture growth media (prepared in Part I) 

 Orbital shaker plate (set at 125 rpm) 

 CO2 incubator (5% CO2, 37°C) 

 Sterile pipettes 

 Biosafety cabinet 

 Cell counter 

 70% isopropanol 

Procedure (to be performed every 3-4 days) 

i) Verify that the incubator is set to 37°C, 5% CO2, and has water for humidity control (~80%). 

ii) Warm growth media to room temperature or to 37°C in a water bath. 

iii) Aseptically remove a cell culture sample from the flask and count by trypan blue exclusion using a 
hemocytometer or an automated cell counter. 

iv) Determine the correct volume of cell culture to inoculate a new flask at 0.2-0.3x10
6
 cells/ml in desired 

volume (see appropriate working volume for cell culture flasks in the table below). 

v) Aseptically transfer the appropriate amount of cells to the new flask, and add warmed growth media up 
to the desired volume. 
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Appropriate Working Volume by Flask Size 

Shake Flask Volume Range 

125 ml shake flask 17-35 ml 

250 ml shake flask 60-100ml 

1L shake flask 300-400ml 

Part IV:  Cell Banking of CHOZN® GS-/- Cells 

Purpose 

This protocol details procedures for establishing a working cell bank of CHOZN
®
 GS

-/-
 cells. 

Reagents and Equipment 

 Sterile cryovials 

 CHOZN
®
 GS

-/- 
 stock cell culture  

 Cell culture growth media (prepared in Part I) 

 DMSO 

 Cryovial labels (must be LN2 resistant) 

 15ml sterile conical tubes 

 50ml sterile conical tubes 

 Sterile pipettes 

 Centrifuge 

 Freezer buddies or controlled rate freezer 

 70% isopropanol 

 Freezer (-80°C) 

 LN2 freezer boxes 

 LN2 freezer 

 Cell counter 

Procedure 

i) If using freezer buddies, fill with fresh 70% isopropanol. 

ii) Label cryovials. 

iii) Prepare freezing media: Growth Media + 7% DMSO.  

iv) Aseptically remove a cell culture sample from the flask and count by trypan blue exclusion using a 
hemocytometer or an automated cell counter.  Do not proceed if cell viability is less than 90%. 

v) Calculate the volume of cell stock and freezing media needed to obtain 5x10
6
 – 10x10

6
 cells per 

cryovial (1ml volume).   
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vi) Note: Once cell preparation is initiated, work must proceed quickly to get vials into freezer.  It is 
recommended that the total time from removing cells from the stock culture to placing freezer buddies 
in the –80°C freezer take no more than 30 minutes. 

vii) Aseptically transfer calculated volume of stock culture to an appropriately sized conical centrifuge tube. 

viii) Centrifuge at 220 rcf for 5min at room temperature. 

ix) Carefully aspirate off the supernatant without disturbing the cell pellet. 

x) Gently resuspend the cells with calculated volume of freezing media.   

xi) Mix thoroughly by pipetting. 

xii) Immediately aliquot cell suspension into labeled cryovials.  Cap tightly. 

xiii) Quickly transfer the vials to prepared freezer buddies and store in -80ºC freezer, or transfer vials to a 
controlled rate freezer for overnight freezing. 

xiv) Transfer vials to LN2 freezer within 18-72 hours of freezing. 

Part V:   Transfection of CHOZN® GS-/- Cells 

Purpose 

This protocol describes procedures for transfection of the CHOZN
®
 GS

-/- 
cells.  The transfection conditions 

provided in this protocol have been optimized for the CHOZN GS parental cell line.  When performed properly 
60-80% transfection efficiency (determined by the expression of a fluorescent reporter construct in the 
transfected pool) should be achieved. 

  

Images of GFP transfected pool 24 hours post-transfection. 

Note: If the user plans to establish stable pools from the transfected cultures, then it is recommended that 
multiple transfections (at least 2-3) are performed simultaneously and that the transfected cells are pooled 
together prior to initiating the selection process. 
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Reagents and Equipment 

 CHOZN
®
 GS

-/-
  stock cell culture 

 Cell culture growth media (prepared in Part I) 

 Electroporation Cuvettes (4mm) 

 T-25 suspension cell culture flasks 

 Plasmid DNA containing gene expression cassettes for the protein of interest as well as an expression 
cassette for glutamine synthetase for metabolic selection (recommended plasmid concentration 
~1μg/μl) 

 15ml sterile conical tubes 

 50ml sterile conical tubes 

 Sterile pipettes 

 Centrifuge 

 70% isopropanol 

 Sterile eppendorf tubes 

 Cell counter 

 CO2 incubator (5% CO2, 37°C) 

 Bio-Rad Gene Pulser
®
 or similar electroporation instrument 

Procedure 

i) Cell culture preparation to be performed 24 hours prior to transfection. 

a. Pass CHOZN
®
 GS

-/-
 cells (from the stock cell culture) to 0.5x10

6
 cells/ml. 

ii) Electroporation set-up to be performed on the day of electroporation. 

a. Prepare Growth Media, see Part I (CHOZN
®
 GS growth media is also used as the transfection 

and recovery media). 

b. Label the appropriate number of T-25 suspension culture flasks (one per transfection). 

c. Add 5 ml Growth Media to each flask. 

iii) Label and place electroporation cuvettes on ice to chill. 

iv) Label sterile microfuge tubes for mixing cell suspensions with DNA. 

v) Prepare cells for electroporation as follows:  

a. Aseptically remove a cell culture sample from the flask and count by trypan blue exclusion 
using a hemocytometer or an automated cell counter. 

b. Calculate the appropriate volume of stock culture needed for the transfections (6.25x10
6
 

cells/transfection). 

c. Aseptically transfer calculated volume of stock culture to an appropriately sized conical 
centrifuge tube. 

d. Centrifuge at 220 rcf for 5 min at room temperature. 

e. Carefully aspirate off the supernatant without disturbing the cell pellet. 

f. Resuspend cell pellet in the Growth Media (1ml media per transfection). 
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vi) Electroporation 

a. For each electroporation, mix 0.8ml of cell suspension (~5x10
6
 total cells) with desired amount 

of DNA in a sterile microfuge tube.  30-50μg of plasmid DNA is recommended for each 
transfection (the volume of DNA in an individual transfection should not exceed 50μl). 

b. Transfer the DNA/cell mix to the chilled electroporation cuvette, and electroporate using the 
following settings: 

Voltage Capacitance Pulse 

300 V 950 μF Exponential Decay 

c. Transfer ~0.6ml of each electroporation condition to the 5ml Growth Media in the prepared T-
25 suspension culture flask (try not to transfer the white cell debris). 

d. Aseptically remove a cell culture sample from the flask and count by trypan blue exclusion 
using a hemocytometer or an automated cell counter to obtain an initial viability and viable cell 
density. 

e. Incubate the T-25 flasks for 24 (+/- 4) hours at 37°C and 5% CO2. 

f. To generate stably transfected pools, place the cells under selection as described in Part VI. 

Part VI:  Stable Pool Selection and Recovery 

Purpose 

Here we list three options for achieving stable pools: (A) bulk selection, (B) 96 well and (C) 24 well minipool 
selection methods.  Through the minipool selection methods, the goal is to create small pools of stably 
transfected cells.  Generation of these small stable pools leads to increased phenotypic variability among the 
minipools.  Some will originate from a higher number of high-producing cells, and some will originate from a 
lower number of high-producing cells.  Through screening a number of different minipools, the chance of rapidly 
isolating high producing, robust stable pools increases.  The optimal selection process will depend on a variety 
of factors, including expression vector design.  Therefore, it is recommended that users try the different 
selection/recovery processes described below in order to determine the optimal recovery process for each 
individual plasmid design. 

Note: The bulk selection and 24 well minipool processes are chemically defined, whereas the 96 well minipool 
process is animal component free, but not chemically defined.  The EX-CELL

®
 CHO Cloning Media used in the 

96 well minipool process contains plant hydrolysates.   

Bulk Selection Workflow 
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Minipool Selection Workflow 

 

A) Bulk Selection (chemically-defined process) 

Pools selected in a bulk selection method are likely to survive and tend to have shorter recovery timelines.  
However, there will likely be less variation between different bulk pools when compared to the minipools, and 
the overall final titers of the top bulk pools will most likely be less than those generated following the minipool 
methods described below.  This process is a chemically defined process. 

Reagents and Equipment 

 Transfected cell culture – 24hrs post-transfection 

 GS Selection Media (EX-CELL
®
 CD CHO Fusion Media without L-Glutamine) 

 T-75 suspension cell culture flasks 

 Cell counter 

 15ml sterile conical tubes 

 Sterile pipettes 

 Centrifuge 

 CO2 incubator (5% CO2, 37°C) 

 70% isopropanol 

Procedure 

i) 24 hours post-transfection, transfer the transfected cells from the T-25 flask to a sterile 15ml conical 
tube. 

ii) Centrifuge at 220 rcf for 5 min at room temperature. 

iii) Carefully aspirate off the supernatant without disturbing the cell pellet. 

iv) Resuspend the cell pellet in 10ml EX-CELL
®
 CD CHO Fusion without L-Glutamine (GS selection 

media) (see table below). 

GS Selection Media 

Material Product Number (Sigma) Final Concentration 

EX-CELL
®
 CD CHO Fusion 14365 C 1X 

v) Transfer the resuspended cells to a T-75 suspension cell culture flask. 
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vi) Aseptically remove a cell culture sample and count by trypan blue exclusion using a hemocytometer or 
an automated cell counter.  Perform a complete media exchange on the pool once a week during the 
selection process. 

a. Transfer the entire cell culture from the T-75 flask to a sterile 15ml conical. 

b. Centrifuge at 220 rcf for 5 min at room temperature. 

c. Carefully remove the supernatant, being careful not to disturb the cell pellet. 

d. Resuspend the cell pellet in 10-12ml of fresh selection media (EX-CELL
®
 CD CHO Fusion with 

no L-glutamine), and place the resuspended cells back into the original flask. 

vii) Count the pool twice weekly. 

viii) After the pool recovers from selection (viability>90% and stabilized doubling time, approximately 10-21 
days post transfection), passage the pool to 0.3x10

6
 viable cells/ml twice weekly.  The stable pools may 

be scaled up to shake flasks for further characterization at this point.   

B) 96 well Protocol (animal component free process) 

In this option, the cells are plated into selection media in 96 well plates.  Plating densities can range between 
500-10,000 cells per well.  At the lower cell densities, fewer pools will survive the selection.  However, the pools 
that survive will have a greater variation in pool phenotype.  At higher densities, a greater percentage of the 
pools will survive.  However, there may be less variation between the individual pools.  It is recommended to try 
several plating densities. 

Reagents and Equipment  

 Transfected cell culture – 24hrs post-transfection 

 GS Selection Media (EX-CELL
®
 CD CHO Fusion Media without L-glutamine) 

 EX-CELL
®
 CHO Cloning Media 

 96 well suspension culture plates  

 Cell counter 

 15ml sterile conical tubes 

 Sterile pipettes 

 Centrifuge 

 CO2 incubator (5% CO2, 37°C) 

 Multichannel micropipetter and sterile tips 

 70% isopropanol 

 Sterile 0.2
®
 filter apparatus (or similar) 

Procedure 

i) 24 hours post-transfection, transfer the transfected cells from the T-25 flask to a sterile 15ml conical 
tube. 

ii) Centrifuge at 220 rcf for 5 min at room temperature. 

iii) Carefully aspirate off the supernatant without disturbing the cell pellet. 

iv) Resuspend the cell pellet in 10ml GS selection media (14365C with no L-Glutamine). 
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v) Aseptically remove a cell culture sample from the conical and count by trypan blue exclusion using a 
hemocytometer or an automated cell counter. 

vi) Prepare the 96 well minipool plating media (80% cloning media and 20% CD Fusion mix) according to 
the table below. 

96 Well Minipool Plating Media 

Material Product Number  
(Sigma-Aldrich) 

Final Concentration 

EX CELL
®
 CD CHO Fusion Media 14365C 20% 

EX CELL
®
 CHO Cloning Media C6366 80% 

vii) Determine the total volume needed to inoculate the desired number of wells at the desired cell 
concentrations.  Each well requires 200μl of total volume (see guide chart below). 

Seeding Density (cells/well) Resuspension Density (cells/ml) 

500 2500 

1000 5000 

5000 25000 

10000 50000 

 

viii) Dilute the cells into the appropriate amount of 96 well minipool plating media, achieving the desired cell 
density as determined above. 

a. It may be necessary to achieve these concentrations through serial dilutions of the cells. 

ix) Plate the diluted cells into 96 well plates (200μl per well) using a multi-channel pipetter.   

x) Place the cells in the incubator and do not remove for 5 days.  After 5 days, remove and examine the 
plates for outgrowth.    

xi) Once a week, replace evaporated media with GS selection media. 

xii) Once the cells are 80% confluent and appear healthy when examined under the microscope, split the 
cells into another 96 well plate (1st pass plate), with a 1:5 dilution into 200μl of selection media (100% 
EX-CELL

®
 CD CHO Fusion media without L-Glutamine).  This should occur 10-21 days post-plating, 

depending on expression vector design and original seeding density. 

Note: If desired, supernatant can be removed from the original plate for a preliminary titer screen.  
However, since the pools have different growth rates, this initial screen may not be an accurate 
indication of which pools will be top performers after scale up. 

xiii) Once the cultures in the 1st pass plate are 80% confluent, split them 1:10 into 200μl of selection media 
in another 96 well plate (2nd pass plate).  This 2nd pass will help increase the recovery and confluence 
consistency across the minipools, which will allow for more accurate productivity screening.   

xiv) OPTIONAL titer screening method.  This screen can be used to identify the top producing stable pools 
early on in the scale up process in order to reduce the total number of pools scaled up into shake 
cultures.  If it is not necessary to reduce the number of stable pools taken to the next step then proceed 
to step xv. 
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a. Once the cells in the 2nd pass plate are 80% confluent, split them 1:10 into 200μl of selection 
media into two 96 well plates.  The first plate will be a propagation plate, and the second plate 
will be used for a terminal assay to screen the minipools for productivity.  

b. Passage the propagation plate as described above, splitting the cells with a 1:5 dilution when 
they become 80% confluent, 1-2 times per week. 

c. Incubate the terminal assay plate for 7 days, and harvest supernatants for titer quantitation 
(ForteBio or similar).   

xv) Scale up the selected pools for further characterization (see Part VII). 

C) 24 well Protocol (chemically defined process) 

In this option, the cells are plated into selection media in 24 well plates at a density of 5x10
4
-1x10

5
 cells/well.  

Although there will not be as much variability among the 24 well minipools as there is among the 96 well 
minipools, the 24 well minipool selection process offers the benefit of being completely chemically defined and 
will typically have shorter recovery timelines than the 96 well minipool process. 

Reagents and Equipment  

 Transfected cell culture – 24hrs post-transfection 

 GS Selection Media (EX-CELL
®
 CD CHO Fusion Media without L-Glutamine) 

 24 well suspension culture plates  

 T-25 tissue culture flask 

 Cell counter 

 15ml sterile conical tubes 

 Sterile pipettes 

 Centrifuge 

 CO2 incubator (5% CO2, 37°C) 

 70% isopropanol 

Procedure 

i) 24 hours post-transfection, transfer the transfected cells from the T-25 flask to a sterile 15ml conical 
tube. 

ii) Centrifuge at 220 rcf for 5 min at room temperature. 

iii) Carefully aspirate off the supernatant without disturbing the cell pellet. 

iv) Resuspend the cell pellet in 10ml EX-CELL
®
 CD CHO Fusion with no L-glutamine (GS selection 

media). This is also the 24 well minipool plating media (see table below). 

v) Aseptically remove a cell culture sample from the conical and count by trypan blue exclusion using a 
hemocytometer or an automated cell counter. 
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GS Selection Media/24 well Plating Media 

Material Product Number (Sigma) Final Concentration 

EX-CELL
®
 CD CHO Fusion Media 14365 C 1X 

vi) Dilute the cells into the appropriate amount media, achieving the desired cell density (1x10
5
-2x10

5
 

cells/ml). 

vii) Plate 500μl (5x10
4
-1x10

5
 cells/well) of the diluted cell culture into each well of a 24 well plate. Additional 

plates may be seeded if a higher number of stable pools are desired for screening. 

viii) Place the cells in the incubator and do not remove for 5 days.  After 5 days, remove and examine the 
plates for outgrowth.    

ix) Once a week, replace evaporated media with GS selection media.   

x) Once the cells are 80% confluent and appear healthy when examined under the microscope, split the 
cells into another 24 well plate (1st pass plate), with a 1:5 dilution into 500μl of selection media.  This 
should occur 10-21 days post plating, depending on expression vector design and original seeding 
density. 
Note: If desired, supernatant can be removed from the original plate for a preliminary titer screen.  
However, since the pools have different growth rates, this initial screen may not be an accurate 
indication of which pools will be top performers after scale up. 

xi) Once the cultures in the 1st pass plate are 80% confluent, split them 1:10 into 500μl of selection media 
in another 24 well plate (2nd pass plate).  This 2nd pass will help increase the recovery and confluence 
consistency across the minipools, which will allow for more accurate productivity screening.   

xii) OPTIONAL titer screening method.  This screen can be used to identify the top producing stable pools 
early on in the scale up process in order to reduce the total number of pools scaled up into shake 
cultures.  If it is not necessary to reduce the number of stable pools taken up to shake, then proceed to 
step xiii. 

a. Once the cells in the 2nd pass plate are 80% confluent, split them 1:10 into 500μl of selection 
media into two 24 well plates.  The first plate will be a propagation plate, and the second plate 
will be used for a terminal assay to screen the minipools for productivity.  

b. Passage the propagation plate as described above, splitting the cells with a 1:5 dilution when 
they become 80% confluent, 1-2 times per week. 

c. Incubate the terminal assay plate for 7 days, and harvest supernatants for titer quantitation 
(ForteBio or similar).   

xiii) Scale up the selected pools for further characterization (see Part VII). 

Part VII:  Scale Up of Stable Minipools 

Purpose 

Once promising pools have been identified via the 7-day terminal assay, the pools must be scaled up from the 
propagation plates.   

Procedure 

The recommended scale up strategy is listed below (Table 1).  Scaling up the cell cultures in the recommended 
order will help prevent loss of stable pools resulting from a too aggressive scale up strategy.  When scaling up 
from static plates or flasks, be sure to pipette media across the bottom of the vessel to dislodge any cells that 
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may be semi-attached to the plastic.  When scaling up from static T-75 cultures to shake flasks, it is 
recommended to retain a small population of cells in a static environment in case the pool has difficulty 
adapting to a shaken environment.  

The amount of time it takes for a specific stable pool will vary depending on vector design and pool 
characteristics.  Some pools may scale up more quickly than others.  It is important not to let the pools become 
overgrown or too sparse, as each of these environments may have an effect on the final characteristics of the 
pool.   
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Table 1:  Recommended Scale up Strategy 

Culture plate/flask 
size 

Product Number Media Volume When to scale up Amount of days 
normally required 

96 well plate 655185 (Cellstar) 200μl 80% confluent 2-4 days  after cells 
have recovered 

24 well plate 662102 (Cellstar) 500-750μl 80% confluent 3-5 days 

T-25 flask 690195 (Cellstar) 4.5-6 ml VCD above 0.5x10
6
 3-5 days 

T-75 flask 658195 (Cellstar) 9-15ml VCD above 0.5x10
6
 2-4 days 

125ml shake flask  431143 (Corning) 20-30 ml Passage twice 
weekly to 0.3x10

6
 

2-4 days 

Screening Protocols 

The best stable pools can be identified via a simple-fed batch assay.  Once the pools are adapted into shake 
flasks or TPP tubes inoculate 30ml of GS selection media (EX-CELL

®
 CD CHO Fusion without L-glutamine) in a 

shake flask or TPP tube with 0.3x10
6
 cells/ml.  Feed 3g/L of glucose on day 4 and 6 post inoculation.  Samples 

should be pulled for cell counts, and supernatants should be harvested for titer analysis starting on day 4 and 
continuing every other day until the culture viabilities drop below 60%. 
 

Bank the top stable pools following the protocol in Part IV substituting GS Selection Media for the GS Growth 
Media. 

Part VIII: Optional MSX “Amplification” of Stable Pools 

Purpose  

If desired, “amplification” can be performed on the stable pools. In this process, GS selection pressure is 
increased by the addition of MSX, an inhibitor of GS activity, to the cell culture media.  We have observed that 
some pools achieve higher titers when exposed to MSX post-recovery.  Not all pools respond to this 
amplification, and some pools are not able to recover from the additional selection pressure.   

Reagents and Equipment 

 Stable Pools 

 GS Amplification Media (EX-CELL
®
 CD CHO Fusion Media without L-Glutamine + MSX) 

 T-75 suspension cell culture flasks 

 Cell counter 

 15ml sterile conical tubes 

 Sterile pipettes 
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 Centrifuge 

 CO2 incubator (5% CO2, 37°C) 

 MSX 

 70% isopropanol 

Procedure 

i) After the pools have recovered from the no-glutamine selection, aseptically remove a cell culture 
sample and count by trypan blue exclusion using a hemocytometer or an automated cell counter. 

ii) Transfer 5x10
6
 cells from the stock culture to a sterile 15ml conical tube.  

iii) Centrifuge at 220 rcf for 5 min at room temperature. 

iv) Carefully aspirate off the supernatant without disturbing the cell pellet. 

v) Resuspend the cell pellet in 10 ml EX-CELL
®
 CD CHO Fusion with 25uM MSX (GS amplification media, 

see table below). 

GS Amplification Media 

Material Product Number (Sigma) Final Concentration 

EX-CELL
®
 CD CHO Fusion Media 14365 C 1X 

MSX M5379 25μM 

vi) Place the resuspended cells in a T-75 flask (10 total ml). 

vii) Aseptically remove a cell culture sample from the flask and count by trypan blue exclusion using a 
hemocytometer or an automated cell counter. 

viii) Perform a complete media exchange on the pool once a week. 

a. Transfer the entire cell culture from the T-75 flask to a sterile 15mL conical. 

b. Pellet the cells at 220 rcf for 5 min at room temperature. 

c. Carefully remove the supernatant, being careful not to disturb the cell pellet. 

d. Resuspend the cell pellet in 10-12mL of fresh GS amplification media, and transfer the 
resuspended cells back into the original flask. 

ix) Count the pool twice weekly. 

x) After the pool recovers from MSX selection (viability>90% and stabilized doubling time, approximately 
10-21 days post transfection), passage the pool to 0.3x10

6
 viable cells/ml twice weekly.  The stable 

pools may be scaled up to shake flasks for further characterization at this point.   

Part IX: Single Cell Cloning of Stable Pools 

Purpose 

Once a stable pool has been generated, the pool can be single cell cloned to isolate high producing clones.  If 
minipools were generated, we recommend single cell cloning the top 2 or 3 pools. 

Reagents and Equipment 

 GS stable pool(s) 
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 96 well suspension cell culture plates 

 EX-CELL
®
 CHO Cloning Media  

 Conditioned Media from stable pool (see Part X) 

 GS Selection Media 

 Multichannel micropipetter and sterile tips 

 Sterile pipettes 

 Biosafety cabinet 

 CO2 incubator (5% CO2, 37°C) 

 Centrifuge 

 Cell counter 

 70% isopropanol 

Procedure 

i) Plate the cells 

a. Determine the number of 96-well plates to be set-up. This number will be dependent upon the 
number of clones desired. Approximately 10-40 clones per plate can be expected using this 
protocol. 

b. Aseptically remove a cell culture sample from the stable pool stock culture and count by trypan 
blue exclusion using a hemocytometer or an automated cell counter. 

c. Calculate the volume of cell culture and media needed for plating.  200uL per well at 0.5 cells 
per well (final concentration 2.5 cells/mL). 

d. Make the appropriate volume of plating media: 80% CHO Cloning Media + 20% Conditioned 
Media (see Part X). 

e. Remove the appropriate volume of cells from the stable pool stock culture and dilute into the 
appropriate amount of plating media, achieving a final cell density of 2.5 cells/mL.  It may be 
necessary to achieve this concentration through serial dilutions of the cells. 

f. Plate the diluted cells into 96 well plates (200μl per well) using a multi-channel pipetter. 

g. Place the plates in the incubator (37°C, 5% CO2, humidity 80%). For maximal cloning 
efficiency, do not remove the plates from the incubator until plates are ready to be screened 
(around day 6 or 7 post plating). 

ii) Screen for single cell clones 

a. Around day 6 and day 14 post-plating, visualize all wells under a microscope, checking for 
wells with single colonies (clonal). Feed with 20µL of GS Selection Media on both of these 
days. 

b. Track all wells determined to be clonal. 

c. When the clones are 70-100% confluent, scale them up for further characterization.  It is 
recommended to follow the same scale-up and screening procedures outlined above in Part VII 
for the scale-up of the stable minipools,  
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Part X: Conditioned Media Production for Single Cell Cloning 

Purpose 

This protocol describes procedures for the production of conditioned cell culture media for single cell cloning by 
limiting dilution.  Conditioned media has been shown to be beneficial in single cell cloning processes by 
providing the clones with the beneficial nutrients that are secreted by exponentially growing healthy cells.   

Reagents and Equipment 

 GS stable pool (3 or 4 days following the last pass, in exponential growth phase) 

 GS Selection Media 

 Sterile shake flask (determine appropriate volume) 

 Sterile centrifuge tubes (determine appropriate volume) 

 Sterile 0.2µm Millipore Steriflip
®
 filter apparatus 

 Sterile pipettes 

 Water bath at 37  

 Centrifuge 

 Cell counter 

 Biosafety cabinet 

 CO2 incubator (5% CO2, 37°C) 

 Orbital shake plate 

 70% isopropanol 

Procedure 

i) Set-up of Production Culture 

a. Determine desired volume of production culture and prepare an appropriate size shake flask. 

b. Aseptically remove a cell culture sample from the stable pool stock culture and count by trypan 
blue exclusion using a hemocytometer or an automated cell counter. 

c. Calculate amount of stock culture and fresh media required to achieve a final density of 1.0x10
6
 

cells/mL in desired volume of conditioned media production culture. 

d. Transfer calculated volume of inoculum to a sterile centrifuge tube.   

e. Centrifuge at 220 X g for 5min at room temperature. 

f. Carefully aspirate off the supernatant without disturbing the cell pellet. 

g. Gently resuspend the cell pellet in the appropriate volume of fresh media. 

h. Aseptically remove a cell culture sample from the conditioned media production culture 
following inoculation and count by trypan blue exclusion using a hemocytometer or an 
automated cell counter. 

i. Viable cell density must be 0.9-1.2 x 10
6 
cells/mL. 

j. Place the culture in the incubator (shake @125 rpm, 37°C, 5% CO2, humidity 80%). 

k. Production culture will be harvested after 24 hours (+/- 4 hrs.) 

ii) Production Culture Harvest (24 hours post inoculation) 
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a. Aseptically remove a cell culture sample from the conditioned media production culture and 
count by trypan blue exclusion using a hemocytometer or an automated cell counter. 

b. Transfer culture to centrifuge tube(s). 

c. Centrifuge at 2440 X g for 5min. 

d. Transfer supernatant (conditioned media) to clean 50mL conical tube(s). Be careful not to 
disturb cell pellet. 

e. Filter with 0.2µm Steriflip
®
 filter device. 

f. Label filtered conditioned media with Cell Line ID, “Conditioned Media”, and expiration date (1 
week from the harvest date). 

iii) Storage 

a. Conditioned media may be stored for up to 7 days at 4°C. 

b. Conditioned media may NOT be frozen. 


