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A Comparative Efficiency Analysis of Commercial
Transfection Reagents in HEK 293 Cells

Transfection, the process of introducing synthetic nucleic acid material into cells, enables researchers to study gene
functions under varying conditions. While specific protocols are followed and commercially available transfection
reagents are utilized, identifying the most appropriate protocol and transfection reagent for a particular study remains
a formidable challenge for researchers. This case study provides a comprehensive analysis of the efficiency, viability,
and cytotoxic effects of four commercially available transfection reagents on Human Embryonic Kidney 293 (HEK293)
cells, allowing researchers to make informed decisions when selecting the most suitable reagent for their experiments.
By minimizing the need for repeat experiments and conserving laboratory resources and time, this research has the
potential to significantly accelerate scientific progress in the fields like cell line engineering and development.

Objective of the research:

Calculating the percentage average efficiency of four commercially available transfection reagents (Reagent 1, Reagent 2,
Reagent 3, Reagent 4) in transfecting the mammalian expressing plasmid containing GFP (Green Fluorescent Protein
expressing) gene in HEK293 cells and further calculating the percent average viability of the cells.

About Transfection Reagents:

There are three groups of chemical transfection reagents - cationic chemicals like calcium phosphate, cationic lipids, and
cationic polymers (Kim and Eberwine, 2010). Cationic chemicals have been found to be cytotoxic and inefficient in majority
of situations. The most widely used transfection reagents are Lipofectamine 2000, Lipofectamine 3000, Xtereme Gene HP and
polyethylenimine  (cationic ~ branched  polymer).  Lipofectamine 2000  consists of a mixture of
2'-(1",2"-dioleoyloxypropyldimethyl-ammonium bromide)-N-ethyl-6-amidospermine tetratrifluoroacetic acid salt (DOSPA)
and 1,2-dioleoyl-sn-glycero-3-phosphatidylethanolamine (DOPE). It complexes with DNA to allow them to overcome the
electrostatic repulsion of the cell membrane. In Lipofectamine 3000, cationic lipid molecules (DOSPA and DOPE) are
formulated with a neutral/helper co-lipid (P3000 reagent). Such formulation increases transfection efficiency of nucleotide
molecules in both dividing and non-dividing cells under in vitro conditions. Cationic polymers are gene delivery vehicles with
high solubility in aqueous solution. DNA polyplexed with cationic polymers like PEl is prevented against degradation by cellular
nucleases and induce the endosomal escape. Cationic polymers present ability to more efficient DNA condensation in
comparison to cationic lipids.



Aragen’s Approach:

Day 0
HEK293 cells were seeded in duplicate in 6 well plates at a density of 0.8 million cells per well in
DMEM medium supplemented with 10% FBS.

Day 1
Transfection was done as per manufacturers protocol with fixed ratio of DNA and
transfection reagents (1:3).

After 24 Hours

. 4

Day 2
Cells were imaged under microscope.

After 24 Hours

A 4

Day 3
Cells were trypsinized and analysed for GFP positive cells and viability (by Trypan
Blue exclusion assay) using Countess 3FL (Invitrogen).

Mammalian expressing plasmid DNA harboring GFP was used for easy identification under fluorescence microscope. For
representation of data, arithmetic mean (average) was calculated for the efficiency and viability data among the duplicates.
More details in Table 1.

Table 1. Transfection method and material details.

Transfection DNA: Transfection | Incubation time at Complex forming Confluency at
reagent reagent ratio room Temperature medium transfection
(Mg: pg) (mins)

Reagent 1 1:3 15 Opti-MEM, Phenol red free 60-80 %
(Gibco)

Reagent 2 1:3 15 Opti-MEM, Phenol red free  60-80 %
(Gibco)

Reagent 3 1:3 20 Opti-MEM, Phenol red free 60-80 %
(Gibco)

Reagent 4 1:3 15 Opti-MEM, Phenol red free 60-80 %
(Gibco)

Results and Discussion:

Transfection Reagent 2 is ~3 fold more efficient than Reagent 1 and ~1.5 fold more than Reagent 2 and Reagent 4
(Figure2). All the reagents showed similar efficiency after 24 hrs of transfection under fluorescence microscope (Figure
1). All the transfection reagents showed comparable cell death after 48 hours of transfection (Figure 2). In brief,
Transfection Reagent 2 is the best among the ones we tested in terms of efficiency and viability and all the four reagents
have similar cytotoxic effects.



Fig 1. Brightfield/ Phase-contrast and Fluorescence microscopy images of all experimental groups
at 10X magpnification.
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Fig. 2. Percentage GFP positive cells (efficiency) and percentage viability after 48 hours of transfection.
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Conclusions:

In this study, scientists from Aragen's Discovery Biology (Reagent Generation) compared the transfection efficiency and
viability of several reagents in HEK293 cells. The results showed that Transfection Reagent 2 had the best transfection
efficiency with good viability among tested reagents, making it the top choice for transfecting HEK293 cells. The results
from the study can have important implications on gene expression and cell line engineering experiments as it helps to
identify the most effective transfection reagent and provides a basis for future research in this area. To know more
details about these experiments, details for the transfection reagents tested or to speak with our subject experts, write
us at bd@aragen.com.
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https://www.aragen.com/solutions/small-molecules/discovery/biology/reagent-generation/

