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1. General Information 

This protocol describes the standard technique for handling Fuse-It-mRNA, as well as 
provides instructions on how to design an approach for the transfer of mRNA into 
human cells. As an example, a fusion experiment of L929 cells with Fuse-It-mRNA and 
an eGFP-mRNA is described. 

2. Background 

As shown in Figure 1, the Fuse-It liposomal carrier, which includes the mRNA, simply 
fuses with the cell membrane and then releases the mRNA directly into the cytoplasm. 
The mRNA translation starts immediately, without the interfering processes of 
endocytosis, lysosomal degradation, or mitosis. Unlike classical lipoplex-based 
delivery methods, cells do not internalize the mRNA by endocytosis [1]. 
 
The eGFP-mRNA will express an enhanced version of the green fluorescent protein, 
that has been originally isolated from the jellyfish, Aequorea Victoria [2]. eGFP is a 
commonly used direct-detection reporter in mammalian cell culture, yielding bright 
green fluorescence with an emission peak at 509 nm. The synthetic eGFP-mRNA is 
capped (Cap 0) and polyadenylated, concerning stability and translation efficiency [3]. 
It mimics a fully processed, mature mRNA that is optimized for mammalian systems 
[4]. 
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Figure 1: Simplified illustration of the membrane fusion mechanism of Fuse-It-mRNA. 

3. Material and Equipment Required 

For this protocol, the following materials are needed: 

Table 1: Material and reagents needed for the fusion of L929 cells. 

Name Company Order No. 

Fuse-It-mRNA ibidi GmbH 60501 

µ-Plate 24 Well ibidi GmbH 82406 

L929 cells DSMZ ACC-2 

RPMI-1640  
supplemented with 10% FBS 

Sigma-Aldrich Chemie GmbH 
Sigma-Aldrich Chemie GmbH 

R8758 
F0804 

eGFP-mRNA TriLink BioTechnologies, Inc. L-6301 

Fibronectin Corning 354008 

1x PBS Sigma-Aldrich Chemie GmbH D8537 

 
For this protocol, the following equipment and instruments are needed: 

 Ultrasonic bath (power 50 W, frequency 35 kHz) 

 Fluorescence microscope equipped with an appropriate filter set for eGFP 
(fluorescence properties: Exmax 483 nm / Emmax 509 nm) and a stage top 
incubator (37°C, 5% CO2) 

4. Experimental Procedure and Results 

This Application Note is divided into three parts. The optimal cell number is determined 
in the first part, the necessity of a coated surface is analyzed in the second part, and 
several parameters of the fusion protocol itself are optimized in the third part. 
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4.1. Optimization of the L929 Cell Seeding Concentration in the 
µ-Plate 24 Well 

When using Fuse-It-mRNA with L929 cells for the first time, perform a cell 
concentration series test to identify the optimal cell density, as measured by optical 
confluence, that is needed for fusion experiments (>90% optical confluence). The more 
dense the adherent cells, the less of fusogenic vesicles interact with the plastic surface. 
In this protocol, a cell concentration series on the ibiTreat surface and on an additional 
fibronectin coating will be performed. 

a) Coating of the µ-Plate 24 Well 

1. Dilute the stock solution of fibronectin (1 mg/ml) 1:100 in 1x PBS to get a final 
volume of 6500 µl. The final concentration of fibronectin should be 10 µg/ml. 

2. Mix by pipetting. 
3. Add 500 µl of fibronectin dilution to each well of the µ-Plate 24 Well. 
4. Close the µ-Plate 24 Well with the lid. 
5. Incubate 30-40 minutes at room temperature. 
6. Remove the fibronectin solution from each well. 
7. Wash each well once with 500 µl of 1x PBS. 

b) Seeding Cells 

1. Seed the L929 cells in the µ-Plate 24 Well with the concentrations indicated in 
Figure 2. Two technical replicates of each concentration and surface are 
performed. 

2. Incubate the cells for 24 hours at 37°C under standard cell culture conditions. 
 

 

Figure 2: Cell concentration series for the optimization of cell confluence. 
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c) Results 

The optical cell confluence is determined by estimation of the proportion of the surface 
covered by adherent cells. The ibidi GmbH estimates the optical confluences by 
comparison with example images of various cell densities. Some example images of 
L929 cells with their appropriate estimated optical confluences are shown in the 
appendix. 
 

 

Figure 3: Results of the optical confluences. 

 
The results of the cell concentration series are shown in Figure 3. To reach a >90% 
optical confluence at the time of fusion, 25.000 cells/cm² of L929 per well have to be 
seeded for the ibiTreat surface and 20.000 cells/cm² of L929 per well have to be 
seeded for the fibronectin coating. 

4.2. Optimization of the Surface Coating for the Fusion of L929 Cells 

When using Fuse-It-mRNA with L929 cells in the µ-Plate 24 Well for the first time, you 
should test two different surfaces, ibiTreat and fibronectin coating. The aim is to keep 
the cell viability high and to increase the eGFP-mRNA expression efficiency. 

a) Coating of the µ-Plate 24 Well 

See Chapter 4.1 a) for coating details. 

b) Seeding Cells 

1. Seed L929 cells in the µ-Plate 24 Well using the optimized concentrations from 
Chapter 4.1. Three technical replicates of each surface are performed as 
indicated in Figure 4. 
i) ibiTreat: 25.000 cells/cm² 
ii) Fibronectin: 20.000 cells/cm² 

2. Incubate the cells for 24 hours at 37°C under standard cell culture conditions. 
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Figure 4: Cell concentrations for the optimization of the fusion process on different surfaces. 

c) Fusion of L929 Cells Using the Standard Protocol 

The standard protocol given in the “Fuse-It-mRNA Instructions” should be followed for 
the first trial of Fuse-It-mRNA with L929 cells. The protocol has been scaled up to be 
used with the µ-Plate 24 Well. Three technical replicates are performed for each 
surface. To reduce pipetting errors, prepare a master mix for 7 wells. 

1. Cool down the ultrasonic bath with an ice pack. 
2. Mix 8.4 µg of mRNA (= 8.4 µl of 1 mg/ml stock) and 16.8 µl of Neutralization 

Buffer (NB) thoroughly. Incubate for 20 minutes at room temperature. 
3. Vortex the Fusogenic Solution (FS) until the solution is homogeneous. 
4. Transfer 21 µl of FS in an RNase-free microreaction tube and sonicate it in the 

ultrasonic bath for 5 minutes at room temperature or lower. 
5. Add the neutralized mRNA (mRNA + NB), then mix thoroughly. 
6. Sonicate the mixture in the ultrasonic bath for 5 minutes at room temperature or 

lower. 
7. Dilute the fusogenic mixture in 1x PBS to make a final volume of 2100 µl, and 

mix thoroughly. 
8. Sonicate the dilution in the ultrasonic bath for 5 minutes at room temperature or 

lower. 
9. Remove the culture medium and add the fusogenic mixture drop-wise onto the 

cells. Add 300 µl to each well. 
10. Incubate for 20 minutes at 37°C. 
11. Replace the fusogenic mixture with fresh culture medium to stop the fusion. 
12. Incubate the cells for 24 hours at 37°C under standard cell culture conditions. 
13. Image cells by phase contrast and fluorescence microscopy. 

d) Results 

The L929 cells remained fully viable during the fusion process with an incubation time 
of 20 minutes. No cell detachment was observed, neither on the ibiTreat surface nor 
on the fibronectin coating (data not shown). 

http://ibidi.com/fileadmin/products/cells_reagents/R_6050X_FuseIt_mRNA/IN_6050X_FuseIt_mRNA.pdf
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For each well the eGFP-mRNA expression efficiency is determined by manual cell 
counting using the ImageJ-Tool “Cell Counter”. The mean is calculated out of the three 
replicates for each surface. The eGFP-mRNA expression efficiencies showed no 
significant differences between the mRNA-transfer into L929 cells on ibiTreat or on 
fibronectin (data not shown). 
 
Therefore, the third part of this Application Note will be performed on the ibiTreat 
surface without an additional fibronectin coating. 

4.3. Optimization of the eGFP-mRNA transfer into L929 cells 

In this section, the eGFP-mRNA expression efficiency of the L929 cells is optimized by 
changing several parameters of the standard protocol. The aim is to get the best eGFP-
mRNA expression efficiency. Therefore, four different fusion protocols will be tested: 

1. The standard protocol will be performed as control for evaluating an increase or 
decrease of the eGFP-mRNA expression efficiency. 

2. First, the cells will be washed with 1x PBS prior to adding the fusogenic mixture 
onto the cells, in order to remove serum residuals that might inhibit the fusion 
process. 

3. Second, the mRNA amount will be reduced, in order to save on mRNA and to 
assess whether the principle “less is more” can be applied. 

4. Third, the ratio of mRNA to FS will be changed, in order to increase the 
fusogenity of the whole system. 

a) Seeding Cells 

Seed 25.000 cells/cm² into each well of the µ-Plate 24 Well ibiTreat and incubate for 
24 hours at 37°C under standard cell culture conditions. 

b) Fusion of L929 Cells Using Optimization Steps 

The optimization steps given in the “Fuse-It-mRNA Instructions” are applied to increase 
the fusion efficiency and the eGFP-mRNA expression efficiency. Two technical and 
three biological replicates will be performed. To reduce pipetting errors, prepare a 
master mix for three wells for each of the four protocols.The experiment is performed 
according to Chapter 4.2 c) with the variations indicated in Table 2. 
 

Table 2: Pipetting scheme for the fusion-optimization of L929 cells. The changed parameters are 
highlighted in blue. 

Protocol No. 1 2 3 4 

Protocol 
name 

Standard 
protocol 

Wash with 
1x PBS 

Reduced 
mRNA 
amount 

Changed 
ratio of 

mRNA to FS 

eGFP-mRNA 
(1 µg/µl) 

3.6 µl 3.6 µl 1.8 µl 3.6 µl 

NB 7.2 µl 7.2 µl 3.6 µl 7.2 µl 

FS 9 µl 9 µl 9 µl 18 µl 

PBS 880.2 µl 880.2 µl 885.6 µl 1771.2 µl 

Total volume 900 µl 900 µl 900 µl 1800 µl 

http://ibidi.com/fileadmin/products/cells_reagents/R_6050X_FuseIt_mRNA/IN_6050X_FuseIt_mRNA.pdf
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Protocol 1 is the standard protocol with no variations. In principle, Protocol 2 is the 
same as Protocol 1, except there is an additional washing step prior to adding the 
fusogenic mixture onto the cells. This optimization step is used to examine the 
influence of residual serum on the fusion efficiency. In comparison to the standard 
protocol, Protocol 3 uses half of the mRNA amount (and accordingly half of the NB 
amount), while the amount of FS and the total volume remain the same. This 
optimization step is used to save on mRNA. Protocol 4 is similar to Protocol 3, 
however, instead of reducing the amount of mRNA and NB, the amount of FS and the 
total volume are doubled. This optimization step is helpful for examining the influence 
of the change in the ratio of mRNA to FS. 

c) Results 

The eGFP-mRNA expression efficiency is determined, as described in Chapter 4.2 d). 
The statistical results of the efficiencies of each protocol can be found in Figure 5. One 
example of L929 cells expressing eGFP-mRNA transferred using Protocol 3 is shown 
in Figure 6. 
 
All protocols resulted in an increased eGFP-mRNA expression efficiency of up to ~90% 
when compared to the standard protocol. A statistically significant difference could be 
shown for the use of Protocol 3 and 4. 

 

Figure 5: Effect of the optimization steps on the mRNA expression efficiency of L929 cells. 
Data is presented as mean ± SD from three biological replicates each with two technical replicates. 
Asterisks mark statistically significant changes (p<0.05). 
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Figure 6: Microscopic image of L929 cells expressing eGFP-mRNA. 
The left image represents the fluorescence image of L929 cells expressing eGFP-mRNA. The right 
image represents the appropriate phase contrast image of L929 cells. The white scale bar in the lower 
right corner is equivalent to a length of 50 µm. 

In conclusion, the fusion of L929 cells can be improved using several optimization 
steps listed in the “Fuse-It-mRNA Instructions”. The best results are achieved when 
using Protocol 3 of this Application Note. It gives the benefits of saving on mRNA, as 
well as increasing the fusogenity of the system, due to the changed ratio of mRNA to 
FS. 
 
The next obvious question is: Can the mRNA expression efficiency be increased 
further, if the different optimization steps tested in this Application Note will be used in 
combination? For L929 cells, the efficiency achieved using Protocol 3 is already more 
than 90%. Therefore, no further optimization is necessary in this Application Note. 
However, if cells are used whose efficiency is significantly below 100%, a further step 
that can be tested is the combination of different optimization steps. 
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6. Appendix 

 

Figure 7: Example images of optical confluences for the cell line L929. 
For the transfer of mRNA into adherent cells using Fuse-It-mRNA, optical confluences from >90% are 
recommended. The white scale bar in the lower right corner is equivalent to a length of 400 µm. 

 


