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Introduction 

CONCLUSIONS 

Transient gene expression in CHO cells is a difficult enterprise to 

obtain high titers of recombinant antibody proteins.  Conducting a 

transient transfection in the same host as our stable cell lines allows 

similar post translational modification of the expressed protein or 

antibodies, such as glycosylation patterns.  The polycation compound 

polyethylenimine (PEI) transient transfection is economical but results 

in poor protein yields. AVID Bioservices has recently tested an 

electroporation transient transfection system using their small scale 

transfection set up side by side with PEI transient transfections to 

compare final yields of either mouse chimeric or fully human 

recombinant antibodies in CHO cells.  PEI experiments were 

conducted comparing different PEI: DNA ratios, growth temperatures 

and culture feeds.  Electroporation transfections were conducted 

examining the parameters of different DNA concentrations, 

temperature shift and proprietary feed conditions. Optimized 

electroporation resulted in an increase of 20- 60 fold in expression 

titers compared to PEI expression yields with up to 1 gram/ L obtained 

using the electroporation based  transfection system.  The 

electroporation system can greatly increase the overall yield of 

transiently expressed antibody constructs and shorten the time 

required to obtain gram amounts of protein for in vitro characterization 

and in vivo tumor model studies.  This system will also be utilized to 

generate transient and stable material concurrently. 
 

Abstract RESULTS 

1. Evaluation of these transfection systems for cell growth (VCD) and % 

viability post transfection demonstrated slightly higher VCD and % viability 

for the MaxCyte® STX electroporation transfections over time then when 

using PEI as the transfection reagent. 

2. Transfection efficiency, comparing overall yield of secreted protein at 

different time points measured by antigen binding ELISA assays, confirmed 

that the MaxCyte®  STX electroporation transient transfection system is far 

superior to transfections using PEI. Using 2.7 fold higher initial VCD seeding 

and only 1.6 fold higher DNA input, antibody titers obtained from the 

electroporation transfection system were up to 50- 60 fold higher than 

achieved using PEI as the transfection reagent for CHO cells.  

3. Protein A spin column purified antibodies analyzed by reducing SDS-PAGE 

demonstrated the expected size and integrity of the heavy and light chains. 

4. This protein yield, calculated from the volume of culture CM processed 

through the column and concentration calculated by A280 after column 

purification was in the range of 200- 400ug/mL, only slightly lower than the 
quantitation of titer ELISA results. 

 

We would like to thank the Process Science team for their technical, 

intellectual and editorial support. We would also like to thank Steve King for 

his support. MaxCyte is a registered trademark of MaxCyte, Inc. 

Transient gene expression in mammalian cells is a valuable tool to 

determine the efficacy of recombinant proteins in a short amount of 

time. This method is an alternative to produce large amounts of 

protein within weeks instead of 2-6 months required for stable 

transfection and expansion of isolated clones.  The polycation 

compound polyethylenimine (PEI) is one of the most utilized reagents 

for small to large scale transient transfections of CHO cells as it is 

simple to use and very cost effective (1).  The major drawback is that 

PEI yields very low amounts of product (usually less than 10-30 mg/L) 

so that very large cultures are required to obtain the milligram to gram 

amounts of protein required for biochemical, biophysical and 

ultimately in vivo animal tumor model studies.   

Recent advances in chemical (liposomal) transfection systems have 

yielded higher titers of recombinant proteins but become cost 

prohibitive with large scale cultures.   Higher titers have been 

obtained using the HEK293 cell line and associated transfection kits 

but products derived from the HEK293 cells differ in glycosylation 

patterns compared to CHO derived products (2). 

The MaxCyte®  STX electroporation transfection system tested here 

has optimized the transient transfection of CHO cells to yield very 

high cell viabilities with the ability to expand to a flow electroporation 

protocol with culture volumes up to 4L.  This system can also be 

utilized for stable transfections. 

Experimental Design 
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DNA was ethanol precipitated and re-

suspended in electroporation buffer at 2 

different concentrations. 

Intact antigen binding 

human or murine mAb 

expressing plasmid 

DNAs  

DNA was ethanol precipitated 

and re-suspended in PEI 

Transfection buffer. 

Electroporation 

 Transfection 

PEI  

Transfection 

PEI was added to DNA at an 

optimized ratio and incubated @ 

RT, 10 min.  

Added CHOK1SV cells in 15mL 

optimized media and at a specified 

density to shake flasks. Added 

DNA:PEI complex and  let mixture 

incubate at a specified time period, 

temperature and CO2 level. Then 

added 15 mL optimized media and 

shaken at specified speed 24 hr. 

CHOK1SV cells, DNA and 

Electroporation Buffer were mixed 

and then placed into the  

electroporation cuvette. 

Electroporated following 

manufacturer protocols optimized 

for CHO cells. Immediately added 

electroporated DNA/ cell  

mix to Erlenmeyer flasks and 

incubated for a specific time period. 

Then added 15mL optimized media 

and shaken at specified speed, 

temperature and CO2 level. 

 

15 mL of culture shaken 

 @ temperature #2.  Fed 

daily with CHOzn  feed 

(Sigma) 

 

15 mL of culture shaken 

 @ temperature #1.  Fed 

daily with CHOzn  feed 

(Sigma) 

 

Temperature Shift 

Shift to optimized temperature 24 

hr. post transfection. Feed cultures 

each day with optimized feed 

solution. One culture was also 

grown in OptiCHO media (Life 

Tech).   

Antigen binding/ titer ELISA- comparison of PEI and  

Electroporation Transient Tfx. (CHOK1SV) CMs 

PEI                                      Electroporation 

. 

Figure 1.  Experimental protocol scheme comparing PEI and MaxCyte® STX 

electroporation transient transfection techniques..   

Figure 2.  MaxCyte®  STX electroporation transfection apparatus. Pictured is the 

apparatus set up for 100mL flow electroporation and expansion to a 4L culture. 

The experiments described here utilized the 0.4mL cuvette and 15mL culture 

volumes. 

Figure 3.  Growth characterization of post electroporation transient transfection cultures. 

(3a.) Viable cell counts and (3b.) cell viability were assayed on the days indicated and 

measured by a ViCell cell counter (Beckman Coulter).  

1 BioRad Dual Color Std. 

2 Cntl. huAb PP 

3 Hu mAb-1 harvest 

4 Hu mAb-1 Eluate PP 

5 Hu mAb-2 harvest 

6 Hu mAb-2 Eluate PP 

7 Mu mAb-1 harvest 

8 Mu mAb-1 Eluate PP 

9 Mu mAb-2 harvest 

10 Mu mAb-2 Eluate  PP 

Figure 7. Reducing SDS PAGE of MaxCyte®  STX electroporation transfection CM harvests 

and purified proteins. Each CM was purified using GE Protein A SpinTrap column 

chromatography. Purified protein concentration was determined by A280 measurement . The 

proteins were visualized by silver staining (PP= purified protein). 
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Figure 6. PEI vs. MaxCyte®  STX electroporation transfection efficiency determined by antigen 

binding/ titer ELISA of transfection conditioned media (CM). (6a.) Electroporation transfection 

CMs were collected on days 5, 9 and 13.  (6b.) Comparison of PEI vs. electroporation 

transfection antibody titers for day 9 CMs.   Inset table shows actual antibody titer levels 

depicted in the associated graph. 

Fig. 6a 

Fig.6b 

Fig. 7. 

Figure 4.  Growth and cell viability of transient transfection cultures conducted using 

PEI as the  transfection reagent. (4a) Viable cell density and (4b) cell viability as 

measured on a ViCell XR cell counter (Beckman Coulter).  
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Temperature Shift 

Sampled cells each day for VCC and % viability.  

Sampled conditioned media (CMs) on days 5, 9 and 13 

(or day 11 for PEI samples) for ELISA analysis. 

 

. 

Figure 5. CHO cell Transfection Efficiency and Cell Viability Using MaxCyte® STX  

Electroporation Transient Transfection. CHOK1SV cells were transfected with a 

plasmid encoding green fluorescent protein using small the scale (static) 

electroporation apparatus. GFP expression and viability were measured by flow 

cytometry (FACS) 24 hours post electroporation. 
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