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Efficient delivery of exogenous molecules into mammalian 
cells is an important aspect of cellular genomics.
Electroporation is a commonly used method for delivery 
of molecules such as plasmid DNA and siRNA. However, 
optimization of electroporation conditions prove to be 
challenging and time consuming. With the introduction of 
the Gene Pulser MXcell electroporation system, optimal 
electroporation conditions can be determined quickly, 
allowing scientists to perform experiments with minimal delay. 
In this note, we describe optimal electroporation conditions 
developed for Jurkat cells, a difficult-to-transfect cell line, 
using the Gene Pulser MXcell electroporation system and 
Gene Pulser® electroporation buffer. These results were then 
used to compare transfection efficiency to a competitor’s 
instrument, in which optimization can be performed only 
by varying proprietary buffers or using preset protocols. 
Finally, a time-course experiment was conducted to assess 
successful delivery of both siRNA and plasmid DNA into the 
cells. Results demonstrate that gene silencing was achieved 
using the Gene Pulser MXcell system after 4 hr, and that this 
silencing persisted for 48 hr. In addition, results from the 4 hr 
time point suggest that the plasmid DNA was successfully 
delivered directly into the nucleus.

Methods
Jurkat cells (ATCC #TIB-152) were grown in RPMI-1640 
media (Invitrogen Corporation) with 10% fetal bovine serum 
(FBS), and subcultured 24 hr prior to electroporation. Cells  
were washed in PBS and then suspended in Gene Pulser 
electroporation buffer at a density of 5 x 106/ml for 
electroporations. Electroporations on the Gene Pulser MXcell 
system were carried out using 96-well electroporation plates, 
with 150 μl cells/well. Negative control, GAPDH, and b-actin 
siLentMer™ validated Dicer-substrate siRNA duplexes  
(Bio-Rad Laboratories, Inc.) were used at a final concentration 
of 100 nM. Plasmid DNAs (pCMVi Luc) were electroporated 
at a final concentration of 20 μg/ml. Luciferase activity or 
RT-qPCR analysis using the iQ™5 real-time PCR detection 
system were used to measure electroporation. 

Results
Optimization of Electroporation Conditions

The initial optimization experiment tested both square-wave  
and exponential-decay protocols. Four voltages were tested  
with square-wave conditions in the initial optimization 
experiment, followed by optimization of pulse duration (msec). 
A total of seven exponential-decay pulses were tested at 
constant voltage and resistance (250 μF, 1,000 Ω), but varied 
capacitance (150–600 μF). Four additional exponential-decay 
pulses were delivered at constant capacitance and resistance 
(300 μF, 1,000 Ω), but varied voltage (220–310 V). The 
exponential-decay protocols resulted in much higher luciferase 
activity than the square-wave protocols. Optimal conditions 
using exponential waveform are shown in Table 1. Conditions 
are based on results obtained from luciferase activity assay 
(pCMViLuc). 

Table 1. Optimized electroporation conditions for Jurkat cells in  
Gene Pulser electroporation buffer using exponential waveform.

Parameter Optimal Condition

Voltage 250–300 V
Capacitance 300–350 μF
Resistance 1,000 Ω
Volume 150 μl

Comparison of Time Course of Gene Silencing Between  
Different Instruments

A second experiment was performed to compare the results 
obtained using the optimized exponential-decay protocol with 
those obtained using a competitor’s instrument and their 
recommended buffer. In this experiment, a GAPDH or negative 
control siLentMer siRNA was delivered to Jurkat cells, and 
the cells were assayed either 4 or 24 hr postelectroporation. 
Transcript levels were measured by RT-qPCR to assess the 
level of gene silencing. After 4 hr, 88% of GAPDH mRNA  
was silenced using the Gene Pulser MXcell system and  
Gene Pulser electroporation buffer, compared to only 31% 
using the competitor’s system and buffer (Figure 1). Gene 
silencing persisted 24 hr postelectroporation using the  
Gene Pulser MXcell system, while it declined appreciably 
(~17%) using the competitor’s system and buffer.
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Assessment of Plasmid Delivery and Expression

Luciferase activity could be detected shortly after 
electroporation, indicating that delivery of plasmid into the 
nucleus was effective. Luciferase activity was measured  
4 hr after electroporation using either the Gene Pulser MXcell 
system or a competitor’s electroporation system. High amounts 
of luciferase activity were observed in cells electroporated with 
the MXcell system, while minimal activity was observed in 
cells electroporated with the competitor’s system and buffer 
(Figure 2).  

Conclusions
The Gene Pulser MXcell electroporation system can be used 
to quickly optimize electroporation conditions, which can 
then be used in the overall scientific design. In this study, 
the Gene Pulser MXcell system was used for screening 
and determining optimal electroporation conditions for 
Jurkat cells. Results from RT-qPCR and luciferase assays 
demonstrate highly efficient transfection. Studies comparing 
performance of the MXcell system to a competitor’s system 
indicate superior results using the MXcell system. Time-
course experiments using the same conditions demonstrate 
expression of protein and sustained silencing using the 
Gene Pulser MXcell electroporation system. High luciferase 
expression and efficient gene knockdown were observed 
only 4 hr postelectroporation.

A. 4 hr postelectroporation

B. 24 hr postelectroporation

G
A

P
D

H
 m

R
N

A
 le

ve
l, 

% 100

75

50

25

0
 NC GAPDH NC GAPDH

Competitor MXcell

G
A

P
D

H
 m

R
N

A
 le

ve
l, 

% 100

75

50

25

0
 NC GAPDH NC GAPDH

Competitor MXcell

Life Science
Group

07-0951    0208    Sig 1207Bulletin 5686    US/EG    Rev A

Bio-Rad
Laboratories, Inc. 

Web site www.bio-rad.com USA 800 4BIORAD Australia 61 02 9914 2800  Austria 01 877 89 01  Belgium 09 385 55 11 Brazil 55 21 3237 9400  
Canada 905 364 3435  China 86 21 6426 0808 Czech Republic 420 241 430 532  Denmark 44 52 10 00 Finland 09 804 22 00  France 01 47 95 69 65
Germany 089 318 84 0 Greece 30 210 777 4396  Hong Kong 852 2789 3300 Hungary 36 1 455 8800  India 91 124 4029300  Israel 03 963 6050  
Italy 39 02 216091 Japan 03 6361 7000  Korea 82 2 3473 4460 Mexico 52 555 488 7670  The Netherlands 0318 540666  New Zealand 0508 805 500  
Norway 23 38 41 30  Poland 48 22 331 99 99 Portugal 351 21 472 7700  Russia 7 495 721 14 04 Singapore 65 6415 3188  South Africa 27 861 246 723 
Spain 34 91 590 5200 Sweden 08 555 12700 Switzerland 061 717 95 55 Taiwan 886 2 2578 7189 United Kingdom 020 8328 2000

The siLentMer products are manufactured by Integrated DNA Technologies, Inc. 
(IDT) and are for research use only. For custom siRNA synthesis, contact IDT.

Bio-Rad’s real-time thermal cyclers are licensed real-time thermal cyclers 
under Applera’s United States Patent No. 6,814,934 B1 for use in research 
and for all other fields except the fields of human diagnostics and veterinary 
diagnostics.

Fig. 1. GAPDH mRNA levels in Jurkat cells postelectroporation.  
A, GAPDH mRNA levels 4 hr postelectroporation; B, GAPDH mRNA levels  
24 hr postelectroporation. After 4 hr, >88% knockdown was obtained using the 
Gene Pulser MXcell system and Gene Pulser electroporation buffer, compared  
to only 31% knockdown using competitor's system. NC, negative control.

Fig. 2. Results of luciferase activity assays after delivery of plasmid into 
Jurkat cells using optimized electroporation conditions.
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