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Introduction
Electroporation (EP) is a well-established technique that 

uses short electric pulses to create transient pores in a cell’s 

membrane, allowing efficient delivery of exogenous molecules 

into the cell. It has revolutionized transfection and genetic 

manipulation, finding applications in cell engineering, gene 

expression studies, protein production, and functional analysis.

The Invitrogen™ Neon™ Transfection System is a trusted 

instrument for electroporation. The Invitrogen™ Neon™ NxT 

Electroporation System is an enhanced version of the Neon 

Transfection System, building upon its success. It combines 

the trusted electroporation tip design with Thermo Scientific™ 

ClipTip™ technology and improved usability. The system allows 

precise control of electrical parameters and offers the Invitrogen™ 

TransfectionLab™ cloud application for experimental design.

The Invitrogen™ Neon™ NxT 8-Channel Pipette is an exciting 

addition to the Neon NxT system that enables processing of up to 

eight samples at once. This capability reduces experimental time 

and effort, providing a more efficient workflow.

The Neon NxT system seamlessly integrates into both upstream 

and downstream workflow optimization processes. For upstream 

applications like gene editing or protein expression, it enables 

efficient delivery of nucleic acids into target cells, for high 

transfection efficiency with minimal variability. In downstream 

applications like drug discovery or functional genomics, the 

system’s multi-sample capability accelerates the screening 

process and enhances the reliability of results.
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The Neon NxT Electroporation System with the Neon NxT 

8-Channel Pipette has an advantage over other electroporation 

systems. Electroporation with the Neon NxT system requires 

less experimental time and effort, due to fewer required pipetting 

steps. The system is also compatible with design of experiments 

(DOE) methodologies, allowing researchers to explore and 

optimize multiple variables simultaneously. This approach not 

only streamlines parameter screening and reduces variability 

but also predicts optimal conditions that may not have been 

directly tested, enabling customers to more fully explore their 

design space. 

Here we aim to provide a comprehensive guideline for optimizing 

various electroporation conditions using the Neon NxT 

Electroporation System with the Neon NxT 8-Channel Pipette. 

The intent was to successfully transfect Jurkat cells with plasmid 

DNA by optimizing the electroporation programs, resuspension 

buffer type, cell concentration, payload concentration, and 

post-electroporation recovery time. Detailed optimization was 

conducted for 2 different plasmid sizes, specifically 5 kb and 

11.5 kb, with an emphasis on optimizing conditions for the 11.5 kb 

plasmid. The objective was to establish a standardized approach 

that researchers can follow to attain optimal transfection results 

using the Neon NxT system.



Materials and methods
Jurkat cells were cultured in Gibco™ RPMI 1640 Medium with 

GlutaMAX™ Supplement, and additional supplementation with 

10% Gibco™ Fetal Bovine Serum (FBS), Premium Plus. Cells 

were reseeded at a concentration of 8 x 105 cells/mL 24 hours 

prior to electroporation. Electroporation was performed using 

Neon NxT 10 µL tips, and electroporated cells were seeded in a 

96-well plate using the same culture conditions. Table 1 provides 

the conditions of the studies described in sections 1–5 of the 

Results, including the tested factors, constant factors, and the 

plasmid size. 

At 24 hours post-electroporation, cells were analyzed for 

viability and transfection efficiency of the GFP plasmid, using the 

Invitrogen™ Attune™ NxT Flow Cytometer. A schematic description 

of the workflow is shown in Figure 1.

Table 1. Constant and variable electroporation conditions of the studies herein.

Results 
section Tested and variable factors Constant factors

Plasmid size 
(kb)

 1 Resuspension buffer, EP program, 
payload size Cell concentration, payload concentration, post-EP recovery time 5 and 11.5

 2 Cell concentration Resuspension buffer, EP program, payload concentration, 
post-EP recovery time 11.5

 3 Payload concentration Resuspension buffer, EP program, cell concentration,  
post-EP recovery time 11.5

 4 Post-EP recovery time Resuspension buffer, EP program, cell concentration, 
payload concentration 11.5

 5
Resuspension buffer, EP program, 
cell concentration, payload 
concentration (DOE study)

Post-EP recovery time 11.5

Culture and expansion Transfection Post-electroporation culture Cell analysis

Cells split 24 hours
prior to electroporation

Perform electroporation
using Neon NxT system

100 µL reaction
workflow

Dilution step

10 µL reaction
workflow

Cells in R or T bu er

24 hours
incubation

Plasmid

Analyze the cells 
using Attune NxT
Flow Cytometer

Analyze the cells 
using Attune NxT
Flow Cytometer

Transfer 10 µL 

24 hours
incubation

Figure 1. Schematic of the transfection and cell analysis workflow with the Neon NxT Electroporation System and the Attune NxT 
Flow Cytometer.
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From “all cells” gate
Single cells

80.5

Live cells 1
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61.4

Live cells 2
RL1-H, SSC-H subset

82.1

BL1-H, SSC-H subset
49.8

From “lymphocyte” gate
Single cells

74.4

% GFP+ and TVTC 
were reported from

this gate

Viability was 
reported from
this gate

Single cellsAll events

Single cells Live cells 2Lymphocyte

Figure 2. Gating strategy for the Attune NxT Flow Cytometer used for cell analysis of the studies herein.

Invitrogen™ SYTOX™ Red Dead Cell Stain was used to assess 

viability, and event counts from flow cytometry analysis were 

used to quantify the total number of viable transfected cells 

(TVTC). The flow cytometry gating strategy is shown in Figure 

2. The experimental design was facilitated by use of the 

TransfectionLab app, and the DOE and subsequent model 

analysis for the study described in section 5 of the Results were 

performed using JMP™ statistical software.

TransfectionLab cloud-based app
The TransfectionLab app is a cloud-based application 

developed to support researchers in designing and optimizing 

their transfection experiments. It provides a user-friendly 

interface that allows researchers to easily create experimental 

designs for the Neon NxT Electroporation System. Additionally, 

the TransfectionLab app enables users to seamlessly import 

their experimental plate design into the Neon NxT system.

The TransfectionLab app was used to design the experiments 

reported in this application note. Figure 3 shows an example 

of the plate map and electroporation guide generated by the 

TransfectionLab app for the experiments described in section 1 

of the Results.

Each well is color-coded with its respective electroporation 

program, and the green outline around each well shows the 

cell density of 5 x 106 cells/mL. The payload is indicated by 

the number in each well: 2 represents a 5 kb plasmid, and 

3 represents an 11.5 kb plasmid.
Figure 3. Step-by-step guide generated with the TransfectionLab app.

Note: Discard the Neon™ NxT Tips after 2 electroporations and Neon™ NxT Tubes after 10 electroporations in appropriate biohazardous waste.

Change tube and buffer when switching to a different payload or cell type.

Some cell and payload types/sizes will bene�t from a recovery period post-electroporation. This period allows the cells to recover

and seal the cellular membrane prior to adding media to the electroporation reaction. It has been shown that larger payloads bene�t

from a longer recovery period up to 60 minutes.

Post-electroporation considerations

~ end of document ~
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Done!
Step 11a:Electroporate withprotocol # Step 11b: Pipette electroporated sample

into culture plate Well ID
Plate

Name
Protocol information

1400_20_1
B7,B1

R_Buffer
Voltage: 1400,Pulse
Number: 1, PulseWidth: 20

1400_20_2
H2,H8

R_Buffer
Voltage: 1400,Pulse
Number: 2, PulseWidth: 20

2500_5_2
F5,F11

R_Buffer
Voltage: 2500,Pulse
Number: 2, PulseWidth: 5

2500_5_3
D6,D12

R_Buffer
Voltage: 2500,Pulse
Number: 3, PulseWidth: 5

1600_20_1
D1,D7

R_Buffer
Voltage: 1600,Pulse
Number: 1, PulseWidth: 20

1100_40_1
C2,C8

R_Buffer
Voltage: 1100,Pulse
Number: 1, PulseWidth: 40

1300_20_2
G2,G8

R_Buffer
Voltage: 1300,Pulse
Number: 2, PulseWidth: 20

1500_20_1
C1,C7

R_Buffer
Voltage: 1500,Pulse
Number: 1, PulseWidth: 20

1700_20_1
E1,E7

R_Buffer
Voltage: 1700,Pulse
Number: 1, PulseWidth: 20

1000_40_1
B2,B8

R_Buffer
Voltage: 1000,Pulse
Number: 1, PulseWidth: 40

1200_40_1
D2,D8

R_Buffer
Voltage: 1200,Pulse
Number: 1, PulseWidth: 40

1200_20_2
F2,F8

R_Buffer
Voltage: 1200,Pulse
Number: 2, PulseWidth: 20

2000_5_3
G5,G11

R_Buffer
Voltage: 2000,Pulse
Number: 3, PulseWidth: 5

2000_5_2
A5,A11

R_Buffer
Voltage: 2000,Pulse
Number: 2, PulseWidth: 5

2300_5_3
B6,B12

R_Buffer
Voltage: 2300,Pulse
Number: 3, PulseWidth: 5

2300_5_2
D5,D11

R_Buffer
Voltage: 2300,Pulse
Number: 2, PulseWidth: 5 Fe
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Done!

Step 11a:Electroporate withprotocol # Step 11b: Pipette electroporated sampleinto culture plate Well ID Plate
Name Protocol information

1200_30_1 G1,G7

R_Buffer Voltage: 1200,PulseNumber: 1, Pulse
Width: 30

1300_30_1 H1,H7

R_Buffer Voltage: 1300,PulseNumber: 1, Pulse
Width: 30

1400_30_1 A2,A8

R_Buffer Voltage: 1400,PulseNumber: 1, Pulse
Width: 30

850_30_2
A3,A9

R_Buffer Voltage: 850,PulseNumber: 2, Pulse
Width: 30

2400_5_3
C6,C12

R_Buffer Voltage: 2400,PulseNumber: 3, Pulse
Width: 5

2400_5_2
E5,E11

R_Buffer Voltage: 2400,PulseNumber: 2, Pulse
Width: 5

1100_20_2 E2,E8

R_Buffer Voltage: 1100,PulseNumber: 2, Pulse
Width: 20

1800_10_1 A4,A10

R_Buffer Voltage: 1800,PulseNumber: 1, Pulse
Width: 10

1900_10_1 B4,B10

R_Buffer Voltage: 1900,PulseNumber: 1, Pulse
Width: 10

2500_10_1 H4,H10

R_Buffer Voltage: 2500,PulseNumber: 1, Pulse
Width: 10

2100_5_3
H5,H11

R_Buffer Voltage: 2100,PulseNumber: 3, Pulse
Width: 5

1900_15_1 F6,F12

R_Buffer Voltage: 1900,PulseNumber: 1, Pulse
Width: 15

2100_5_2
B5,B11

R_Buffer Voltage: 2100,PulseNumber: 2, Pulse
Width: 5

2400_10_1 G4,G10

R_Buffer Voltage: 2400,PulseNumber: 1, Pulse
Width: 10

1800_15_1 E6,E12

R_Buffer Voltage: 1800,PulseNumber: 1, Pulse
Width: 15

No Electroporation
Control A7,A1

R_Buffer Voltage: 0, PulseNumber: 0 , Pulse
Width: 0
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Done!

Step 11a:
Electroporate with

protocol #
Step 11b: Pipette electroporated sample

into culture plate Well ID
Plate
Name Protocol information

2200_5_3 A6,A12 R_Buffer Voltage: 2200,Pulse
Number: 3, Pulse

Width: 5

1050_30_2 C3,C9 R_Buffer Voltage: 1050,Pulse
Number: 2, Pulse

Width: 30

2200_5_2 C5,C11 R_Buffer Voltage: 2200,Pulse
Number: 2, Pulse

Width: 5

2000_10_1 C4,C10 R_Buffer Voltage: 2000,Pulse
Number: 1, Pulse

Width: 10

1300_10_3 E3,E9 R_Buffer Voltage: 1300,Pulse
Number: 3, Pulse

Width: 10

2100_15_1 H6,H12 R_Buffer Voltage: 2100,Pulse
Number: 1, Pulse

Width: 15

1150_30_2 D3,D9 R_Buffer Voltage: 1150,Pulse
Number: 2, Pulse

Width: 30

2000_15_1 G6,G12 R_Buffer Voltage: 2000,Pulse
Number: 1, Pulse

Width: 15

2100_10_1 D4,D10 R_Buffer Voltage: 2100,Pulse
Number: 1, Pulse

Width: 10

2200_10_1 E4,E10 R_Buffer Voltage: 2200,Pulse
Number: 1, Pulse

Width: 10

2300_10_1 F4,F10 R_Buffer Voltage: 2300,Pulse
Number: 1, Pulse

Width: 10

950_30_2 B3,B9 R_Buffer Voltage: 950,Pulse
Number: 2, Pulse

Width: 30

1500_10_3 G3,G9 R_Buffer Voltage: 1500,Pulse
Number: 3, Pulse

Width: 10

1600_10_3 H3,H9 R_Buffer Voltage: 1600,Pulse
Number: 3, Pulse

Width: 10

1400_10_3 F3,F9 R_Buffer Voltage: 1400,Pulse
Number: 3, Pulse

Width: 10

1100_30_1 F1,F7 R_Buffer Voltage: 1100,Pulse
Number: 1, Pulse

Width: 30
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Start date and time of step:

1. Grow cells in fresh medium at appropriate passage number and maintain them in log-phase growth. You will need more than 5.28 x

10  healthy cells for this experiment based on your design at the day 5 of electroporation (expect cell type dependent loss of cells

during harvest).
7

Experiment Preparation: day of electroporation prior to cell harvest

1. Prepare 96-well plates by �lling 96 wells with 0.1 mL media and place in incubator to pre-warm at desired incubator growth

conditions.

2. Aliquot an appropriate volume of E buffer, R buffer and PBS (without Ca2+ and Mg2+) and pre-warm to room temperature. Please

only warm up amount needed and do not repeatedly pre-warm these buffers to avoid precipitation.

3. Label any necessary plastic consumables.

4. Reconstitute payload if needed to desired stock concentration.

Note : Avoid keeping the cell suspension for more than 30 minutes, which can signi�cantly reduce cell viability and transfection e�ciency.

Preparing cells suspensions

Start date and time of step:

1. Take an aliquot of cell suspension and count cells to determine the cell density in cells/mL.

2. Calculate the volume of culture needed for 5.28 x 10  healthy cells. Transfer the calculated amount of cells to an appropriate

microcentrifuge tube or conical tube and centrifuge the cells at 100–400 x g for 5 minutes at room temperature.

3. Wash cells with DPBS (without Ca2+ and Mg2+) by centrifugation at 100–400 x g for 5 minutes at room temperature.

4. Aspirate the DPBS and resuspend the cell pellet in Resuspension R Buffer (or Rsuspension T Buffer for programs > 1900V) at

below �nal densities (4a, 4b). Gently pipette the cells to obtain a single cell suspension.

7

Done!

Step 4a: Label tubes with cell

suspension #

Step 4b: Resuspend the cell pellet in Resuspension buffer at volume

specified below

Cell density in electroporation tip
Cell number Volume

C1

Cell Density: 5 x 10
5.28 x 10

950.4 µL

7

7

Prepare electroporation samples: add payload to cell suspensions

Start time of step:

5. Label tubes with sample # below (5a). Prepare electroporation samples by mixing payloads to cells (5b,5c) and then dilute with R (T)

buffer as needed to reach desired cell and payload concentration (5d).

Done!

Step 5a: Label tubes

with Sample #

Step 5b: Pipette cell suspensions

Step 5c: Add payload

stocks

Step 5d: Add

R/T/GE buffer

[Conc
#]

Volume Cell Density

in tip

Payload stock

info

Volume
Volume

S1
C1 475.2

µL

5 x 10
11kb_GFP

52.8
µL

0 µL

S2
C1 475.2

µL

5 x 10
5kb_GFP

52.8
µL

0 µL
7

7

Electroporation

Start time of step:

6. Fill Neon  NxT Tubes with 2 mL Electrolytic Buffer (use Buffer E10 for 10 μL Neon  NxT Tip).

7. Insert the Neon  NxT Tube into the Neon  NxT Pipette Station.

8. Set the desired electroporation protocols with pulse conditions on the device.

9. Move the pre-warmed cell culture plate from incubator to biosafety cabinet

10. To insert a Neon  NxT Tip into the Neon  NxT Pipette, press the push-button on the pipette to the second stop to open the clamp.

11. Perform electroporation on the samples following the plate map or table below. Pipette sample solutions, dock pipette to station,

then applying corresponding electroporation protocols (11a). When �nished with each electroporation run, transfer the samples to

corresponding well ID (11b) on 96-well plate with pre-warmed medium.

TM

TM

TM

TM

TM

TM
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Legend Details

Electroporation Transfection Guide
Page tour

Materials Needed

1. Jurkat (im
mune, T cell leukemia) cells in culture

2. Payloads stock solutions:

5kb_GFP ( 1mg/mL )

11kb_GFP ( 1mg/mL )

3. Neon  NxT Electroporation System

4. Neon  NxT Electroporation System Kit: buffers, tips and tubes

5. 96-well plate

6. Cell counter

7. Appropriate liquid-transfer pipettes and tips
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G
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1
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3
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Protocols

Payloads

Cell Density

No Electroporation Control  
1400_20_1  

1500_20_1  
1600_20_1  

1700_20_1  
1100_30_1  

1200_30_1  

1300_30_1  
1400_30_1  

1000_40_1  
1100_40_1  

1200_40_1  
1100_20_2  

1200_20_2  
1300_20_2  

1400_20_2  
850_30_2  

950_30_2  
1050_30_2  

1150_30_2  
1300_10_3  

1400_10_3  
1500_10_3  

1600_10_3  
1800_10_1  

1900_10_1  
2000_10_1  

2100_10_1  
2200_10_1  

2300_10_1  
2400_10_1  

2500_10_1  
2000_5_2  

2100_5_2  
2200_5_2  

2300_5_2  
2400_5_2  

2500_5_2  
2000_5_3  

2100_5_3  

2200_5_3  
2300_5_3  

2400_5_3  
2500_5_3  

1800_15_1  
1900_15_1  

2000_15_1  
2100_15_1  

22 5kb_GFP   33 11kb_GFP  

 5 x 106   

Culture cells: 1-2 days prior to electroporation
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Results and discussion
The findings of the studies are elaborated and discussed 

in the following sections. In these sections, we provide a 

comprehensive analysis and interpretation of the results obtained 

from the experiments. 

Section 1: Optimization of electroporation program 
and resuspension buffer
In this study, we aimed to evaluate the optimal electroporation 

program and resuspension buffer for payloads of different sizes. 

To accomplish this, we electroporated cells with either a 5 kb or 

an 11.5 kb GFP plasmid. A total of 48 different electroporation 

programs was used, which are listed in Table 2. Out of these 

48 programs, 24 are standard Neon system optimization 

programs. To explore a broader range of conditions, we added 

24 higher-voltage programs to cover a wider range of energy 

settings on the Neon NxT system. The flexibility of the Neon 

NxT 8-Channel Pipette made it easy to test various programs 

across different channels, streamlining optimization. Since 

Table 2. The 48 electroporation programs used for optimization.

Neon 24 optimization programs 24 higher-voltage programs

ID Program* ID Program* ID Program* ID Program*

P1 No EP P13 1,100/20/2 P25 1,800/10/1 P37 2,400/5/2

P2 1,400/20/1 P14 1,200/20/2 P26 1,900/10/1 P38 2,500/5/2

P3 1,500/20/1 P15 1,300/20/2 P27 2,000/10/1 P39 2,000/5/3

P4 1,600/20/1 P16 1,400/20/2 P28 2,100/10/1 P40 2,100/5/3

P5 1,700/20/1 P17 850/30/2 P29 2,200/10/1 P41 2,200/5/3

P6 1,100/30/1 P18 950/30/2 P30 2,300/10/1 P42 2,300/5/3

P7 1,200/30/1 P19 1,050/30/2 P31 2,400/10/1 P43 2,400/5/3

P8 1,300/30/1 P20 1,150/30/2 P32 2,500/10/1 P44 2,500/5/3

P9 1,400/30/1 P21 1,300/10/3 P33 2,000/5/2 P45 1,800/15/1

P10 1,000/40/1 P22 1,400/10/3 P34 2,100/5/2 P46 1,900/15/1

P11 1,100/40/1 P23 1,500/10/3 P35 2,200/5/2 P47 2,000/15/1

P12 1,200/40/1 P24 1,600/10/3 P36 2,300/5/2 P48 2,100/15/1

* Voltage (V)/pulse width (ms)/number of pulses

higher voltages could increase energy and risk cell damage, we 

managed this by adjusting pulse number and width to stay within 

safe energy levels and protect cell viability. Table 2 includes 24 

such programs, referred to as “24 higher- voltage programs.”

To determine the optimal resuspension buffer for different 

sizes of payload, we conducted electroporation with Neon NxT 

Resuspension R Buffer and Neon NxT Resuspension T Buffer. 

We excluded Neon NxT Resuspension Genome Editing Buffer 

from this study, as it is specifically designed for CRISPR-Cas9 

knock-in genome editing.

To maintain consistency, we kept the cell and payload 

concentrations constant throughout the study. We used 

concentrations of 5 x 106 cells/mL and 0.1 mg/mL for both 

payloads. Cells were transferred to culture medium immediately 

after electroporation with no post-EP recovery time. 
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The results obtained for the 5 kb and 11.5 kb plasmids are shown 

in Figures 4A and 4B, respectively.

In our analysis, we aimed to identify optimal conditions that 

would result in a balanced higher percentage of GFP+ cells and 

higher TVTC. We observed that certain programs, such as P44 

(2,500 V; 5 ms; 3 pulses) with both R and T buffers, achieved 

more than 90% transfection efficiency with both buffers tested 

(Figure 4A). However, it was noted that some of these programs 

also resulted in lower TVTC, indicating a higher rate of cell death 

during electroporation.

The circled data points located at the top-right corners of 

Figures 4A and 4B demonstrate a notable balance between 

higher transfection percentage and higher TVTC. The data 

Figure 4. Electroporation performance with Resuspension R Buffer vs. Resuspension T Buffer and 48 programs for (A) 5 kb GFP plasmid 
and (B) 11.5 kb GFP plasmid. Percentage of GFP-positive cells was plotted against TVTC. Purple data points represent results obtained with 
R buffer, and red data points represent results obtained with T buffer. Each data point (n = 1) in the graph represents a specific electroporation 
program, which is listed in Table 2. The red-circled data points represent the best-performing conditions, characterized by a balance between higher 
percentages of GFP+ cells and higher TVTC.
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clearly indicated that the use of R buffer resulted in the best 

outcomes for transfection of the 5 kb plasmid (Figure 4A), while 

the use of T buffer resulted in the best outcomes for transfection 

of the 11.5 kb plasmid (Figure 4B). We observed comparable 

transfection efficiencies with the 5 kb plasmid in both buffers 

using program P41 (2,200 V; 5 ms; 3 pulses) (Figure 4A). 

However, the TVTC with R buffer was more than twice the TVTC 

with T buffer. With the 11.5 kb plasmid (Figure 4B), T buffer 

significantly improved TVTC (programs P41 and P42). This 

observation strongly suggests that R buffer plays a significant 

role in preventing cell death during transfection with smaller 

(e.g., 5 kb) plasmids, while T buffer improves cell viability during 

transfection with larger (e.g., 11.5 kb) plasmids.
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We identified the 7 best-performing programs for the 5 kb and 

11.5 kb plasmids separately, highlighted with red circles in the 

figure. The performance of these programs is summarized in 

Table 3.

Table 3. Summary of results from best-performing 
programs.
Plasmid 
size (kb)

EP 
program*

Program 
ID

GFP+ 
(%)

Viability 
(%)

TVTC x 
1,000 Buffer

5

1,700/20/1 P5 87 83 362

R

2,100/10/1 P28 82 83 387

2,200/10/1 P29 87 81 366

2,300/10/1 P30 91 78 362

2,500/5/2 P38 95 82 346

2,200/5/3 P41 92 81 407

1,900/15/1 P46 85 82 366

11.5

1,700/20/1 P5 69 68 194

T

1,600/10/3 P24 63 75 217

2,300/5/2 P36 67 56 180

2,400/5/2 P37 72 56 176

2,100/5/3 P40 70 66 215

2,200/5/3 P41 78 59 208

2,300/5/3 P42 87 54 183

* Voltage (V)/pulse width (ms)/number of pulses

Section 2: Optimization of electroporation cell 
concentration
In this study, we investigated the impact of cell concentration 

on transfection efficiency with the 11.5 kb plasmid. Cells were 

resuspended in T buffer at three different concentrations: 

5, 20, and 50 x 106 cells/mL. We used the seven best-performing 

programs for the 11.5 kb plasmid, as listed in Table 3. The 

payload concentration was kept constant at 0.1 mg/mL, and cells 

were transferred into culture medium immediately after EP. The 

findings are presented in Figure 5.

Figure 5. Impact of cell concentration on electroporation efficiency. 
The graph plots the percentages of GFP-positive cells and viable cells 
obtained with the respective electroporation programs used. Data 
points are color-coded to represent different cell concentrations: purple 
(5 x 106 cells/mL), gray (20 x 106 cells/mL), and red (50 x 106 cells/mL). 
Each cell concentration and program combination was performed in 
triplicate (n = 3).
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The data provided clear evidence that different cell 

concentrations affect electroporation performance. While 

the impact on percentage of transfected cells was minimal, 

5 x 106 cells/mL slightly outperformed other concentrations 

across most of the programs. In terms of cell viability, 

electroporation at  50 x 106 cells/mL yielded significantly 

better results than electroporation at other concentrations 

across all 7 programs. Based on these findings, we identified 

50 x 106 cells/mL as the best cell concentration for further 

optimization of electroporation conditions for transfection of an 

11.5 kb plasmid.
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Figure 6. Impact of payload concentration on electroporation 
efficiency. The graph plots the percentages of GFP-positive cells 
and viable cells against the respective EP programs. Data points are 
color-coded to represent different payload concentrations: purple 
(0.05 mg/mL), gray (0.10 mg/mL), and red (0.20 mg/mL). Each EP 
payload concentration and program combination was tested in triplicate 
(n = 3). 
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Section 3: Optimization of payload concentration
For optimization of payload concentration, we performed an 

experiment similar to that described in section 2 of the Results. 

The 11.5 kb GFP plasmid was added at three different final 

concentrations (0.05, 0.10, and 0.20 mg/mL) for transfection of 

cells resuspended in T buffer. The same 7 best-performing EP 

programs were used, and cell concentration was maintained at a 

constant value of 50 x 106 cells/mL. The findings are presented in 

Figure 6.

The data provided compelling evidence of the impact of different 

payload concentrations on electroporation performance. For the 

plasmid concentration of 0.20 mg/mL, the percentage of GFP+ 

cells was significantly higher than with other concentrations, while 

cell viability was poorer with most of the programs.

While the difference in cell viability between electroporation with 

0.05 mg/mL and 0.10 mg/mL payloads was minimal, transfection 

efficiency with the 0.10 mg/mL plasmid concentration was 

significantly higher than it was with 0.05 mg/mL. Based on 

these findings, we identified 0.10 mg/mL as the optimal payload 

concentration for the 11.5 kb plasmid.

Figure 7. Impact of post-electroporation recovery time on 
transfection efficiency. The percentages of GFP-positive cells and 
viable cells are plotted against the respective electroporation programs. 
Data points are color-coded to represent different post-EP recovery 
periods: purple (T = 0 min), gray (T = 15 min), and red (T = 30 min). Each 
recovery period and program combination was tested in triplicate (n = 3). 
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Section 4: Optimization of post-electroporation 
recovery time
Results of a previous study suggest that incorporating a recovery 

period following the delivery of electric pulses can significantly 

enhance the electroporation performance, particularly with large 

plasmids ranging from 6 to 16 kb [1]. In this study, we aimed to 

optimize the post-electroporation recovery time and evaluate 

its impact on transfection efficiency with the 11.5 kb plasmid. 

Following electroporation, cells were seeded into the culture 

vessel and incubated for a specific duration before the addition 

of the culture medium. The same electroporation conditions 

described in section 3 of the Results were used while maintaining 

a constant payload concentration of 0.1 mg/mL. The results are 

presented in Figure 7.

The data presented in Figure 7 clearly demonstrate the impact 

of the post-electroporation recovery period on electroporation 

performance. A 30-minute recovery period gave significantly 

better results in terms of transfection efficiency, while cell viability 

was slightly poorer with most of the programs compared to with 

a 15-minute recovery period and no recovery period. 

While there was no substantial difference in the total percentage 

of GFP+ cells after a 15-minute recovery period or no recovery 

period, the 15-minute recovery time slightly improved cell viability. 

Based on these findings, we recognize that a recovery period of 

15 to 30 minutes may enhance electroporation performance for 

transfecting the 11.5 kb plasmid.
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Figure 8. DOE predictive plot. The input factors are displayed on the x-axis, and the y-axis represents the responses. The vertical red lines indicate 
the current values of the factors, which are highlighted in red below the horizontal axis. The red values on the vertical axis represent the predicted 
responses based on the current values of the factors. These current values were generated by the predictive model as the optimal values to achieve 
maximum desirability for each response with equal importance.

Section 5: DOE to find optimal conditions for 
electroporation 
For the experiments described in sections 1–4 of the Results, 

we implemented a sequential optimization approach for refining 

various electroporation conditions. However, this method 

does not allow the evaluation of the interdependencies among 

different input factors. To address this limitation, a DOE study 

can be employed to optimize the electroporation conditions and 

identify any relationships and dependencies among the various 

electroporation factors. By conducting a DOE study, we can 

simultaneously optimize multiple electroporation parameters for a 

more comprehensive and efficient optimization process.

We performed a DOE study to evaluate the impact of different 

electroporation parameters on transfection performance 

with the 11.5 kb plasmid. The JMP software was employed 

to design an experiment with 192 electroporation conditions 

using the main effects model. Electroporation was conducted 

with two different resuspension buffers, cell concentrations in 

the range of 5–50 x 106 cells/mL, payload concentrations in 

the range of 0.05–0.2 mg/mL, and 48 different electroporation 

programs listed in Table 2. These electroporation conditions 

were used as input factors for the model. Electroporation 

performance was evaluated in terms of transfection efficiency and 

transfection viability. Figure 8, which was generated using the 

JMP prediction profiler, visually represents the main effects model 

derived from the DOE.

The use of the Neon NxT 8-Channel Pipette allowed for higher- 

throughput electroporation, making it a powerful tool for the  

DOE-based biological studies. Additionally, the TransfectionLab 

design tool provided detailed experiment guidance and 

calculations, enabling seamless execution of this complex DOE 

study. The Neon NxT 8-Channel Pipette enables a larger number 

of electroporations to be performed within a shorter period of 

time. For instance, a full 96-well plate of EP reactions could be 

completed in approximately 15 minutes, a fourth of the time 

compared to utilizing the 1-channel pipette.

The optimal predictive plot is shown in Figure 8. Based on the 

DOE study, optimal conditions for transfection of the 11.5 kb 

plasmid are: T buffer, 50 x 106 cells/mL, 0.1833 mg/mL payload, 

and electroporation program P39 (2,000 V; 5 ms; 3 pulses). 

These conditions are expected to yield 77.6% transfection 

efficiency and 74.5% transfection viability.
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Ordering information

Description Cat. No.

Neon NxT Electroporation System Starter Kit with 1-Channel and 8-Channel Pipettes NEON18SK

Neon NxT Electroporation System with 1-Channel and 8-Channel Pipettes NEON18S

Neon NxT Electroporation System 10 µL Kit, 8-Channel Tubes N1096-8

Neon NxT Electroporation System 100 µL Kit, 8-Channel Tubes N10096-8

RPMI 1640 Medium, GlutaMAX Supplement 61870-036

Fetal Bovine Serum, Premium Plus A5669701

CTS DPBS, without calcium chloride, without magnesium chloride A1285602

Attune CytPix Flow Cytometer A51849

CytKick Max Autosampler A42973

Attune Wash Solution A24974

Attune Shutdown Solution (1X) A24975

Attune Performance Tracking Beads, 3 mL 4449754

Attune Focusing Fluid (1X) 4449791

SYTOX Red Dead Cell Stain, for 633 or 635 nm excitation S34859

Nunc MicroWell 96-Well, Nunclon Delta Treated, Flat-Bottom Microplate 167008

Nunc EasYFlask Cell Culture Flasks 159910

Nonstick, RNase-Free Microfuge Tubes, 1.5 mL AM12450

For Research Use Only. Not for use in diagnostic procedures. © 2024 Thermo Fisher Scientific Inc. All rights 
reserved. All trademarks are the property of Thermo Fisher Scientific and its subsidiaries unless otherwise specified. 
JMP is a trademark of SAS Institute Inc. APN-8644203 1024
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Conclusion
Electroporation is a robust and safe nonviral technique widely 

employed for delivering exogenous molecules of different 

sizes into cells. While small reporter plasmids (3.5 kb) can be 

transfected with high efficiency and viability, larger plasmids 

(6–16 kb) are more challenging in terms of maintaining cell 

viability and transfection efficacy under the same conditions.

Here we provide a comprehensive guideline for optimizing 

electroporation conditions specifically for larger plasmids. 

The data presented highlight the significant impact of factors 

such as the EP program, resuspension buffer, payload and 

cell concentrations, and post-EP recovery time on overall 

electroporation performance. Among these factors, the 

electroporation program stands out as the most crucial 

determinant of performance.

Our findings indicate that Neon NxT Resuspension T Buffer 

is more suitable for delivering larger plasmids (11.5 kb), while 

Neon NxT Resuspension R Buffer is better for delivering smaller 

plasmids (5 kb). Furthermore, we have determined that certain 

higher-voltage programs with lower pulse numbers and pulse 

widths can greatly enhance electroporation performance.

By applying the optimal electroporation conditions, we 

successfully delivered the 11.5 kb plasmid into Jurkat cells with 

up to 80% transfection efficiency and the 5 kb plasmid with up 

to 95% transfection efficiency, while ensuring minimal impact on 

cell viability.

The insights gained from our study can serve as a guide for 

future experiments, ultimately leading to enhanced efficiency 

in electroporation. However, it is essential to recognize the 

importance of customizing the electroporation approach to meet 

specific needs. Whether the focus is on optimizing transfection 

efficiency, preserving cell viability, striking a balance between the 

two, or maximizing the total number of transfected cells, tailoring 

the electroporation conditions accordingly is critical to achieving 

desired outcomes.

The Neon NxT 8-Channel Pipette greatly facilitates the 

optimization process by enabling higher throughput, optimization 

of individual variables, and DOE approaches to identify optimal 

conditions, ultimately saving a considerable amount of valuable 

research time and resources.
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