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Abstract: Transfection is the most popular experiments among biological scientist to study the gene
expression. But it is really tedious to find out the optimum conditions for protein expression for transfection
while working with plasmid DNA. In our present study, the main objective was to setup suitable conditions to
study the protein expression. From different conditions, protein expression was observed for 2μg of DNA. We
tried different cell number and time frame and got 6.25×105 cell/ well of 6 well and 24 hour incubation were
the best condition for maximum expression of protein. In our experiment 1:3 ratio of DNA: Lipfectamine was
the best for optimum expression of protein in mammalian cell line.
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1. Introduction
Transfection is the insertion of foreign DNA into mammalian or any types of cells. A number of physical,
chemical and biological transfection techniques are used such as calcium phosphate precipitation,
microinjection, electroporation, receptor-mediated gene transfer, particle guns, viral vectors, polyfection and
lipofection ( Rosalie et al., 2010; Pfeifer and Verma, 2001; Hacein-Bey-Abina et al., 2002;Woods et al., 2003;
Schenborn and Goiffon, 2000; Sheri et al., 1995; Washbourne and McAllister, 2002; O'Brien and Lummis,
2006; Inoue and Krumlauf, 2001; Shirahata et al., 2001;Yao et al., 2008; Kim et al., 1996; Dobson 2006).
Calcium phosphate precipitation was the best approach than all other techniques though it is least used recently
as because of several disadvantages which include large DNA sample, cellular toxicity and low amount of DNA
intake. On the other hand, plasmid DNA transfection is noted as the most effective and superior approach for its
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advantages which are: requirement of small DNA sample, minimal cytotoxicity and immunogenicity, cost
effectiveness etc. However, the insertion of DNA-lipid complex into nucleus is yet to be fully understood
wheareas DNA-lipid complex inevitably a clear pathway. In this well known pathway, the positively charged
lipid formed complex with negative charged DNA, this DNA-Lipid complex is known as lipoplex. Lipoplex is
slightly cationic which fused with the anionic cytoplasmic membrane of the cell and then enter into the cell
cytoplasm through a process called endocytosis (Wagner et al., 2005). Generally, there are two types of
transfection stable transfection and transient transfection. Stable transfection requires several weeks to express
large amount of protein and contrary transient transfection takes 1-3 days usually used to see the gene
expression, development of molecular medicine, to study the signaling methods etc (Kaufman 1997; Colosimo
et al., 2000; Durocher et al., 2002; Girard et al., 2002). HEK-293 cell line is mostly used cell line to study the
transfection, gene expression and virus production, cell cycle research, metabolism, receptor binding, and
different molecular biological techniques. HEK-293 choosen over other cell lines due to its merits which are:
adaptability, growing capacity in both serum or serum free media, stability, high gene expression rate, yielding
large amount of proteins, growing capacity in both adherence and suspension culture conditions etc. This cell
line has several variants, such as, HEK-293, HEK 293-T (expressing SV 40 large T antigen), HEK-293 EBNA
(expressing the nuclear antigen from Epstein-Barr virus EBNA), HEK293 F (Suspended type) etc. In this study,
we have used HEK-293 cell line to setup the optimum conditions to study the best expression of gene and also
to minimize the trouble shooting and trialing of our transfection approach (Garnier, et al., 1994; Durocher et al.,
2002; Pham et al., 2003; Wurm and Bernard 2001; Van Craenenbroeck et al., 2000; Meissner et al., 2001;
Wright et al., 2003; Kim et al., 1997; Pick et al., 2002).
2. Materials and Methods
2.1. Isolation of Plasmid DNA
Plasmid DNA of pFLAG-ptgs2 was prepared using Quiagen Midiprep Plasmid DNA isolation kit. Firstly, a
single colony from a freshly streaked selective pFLAG-ptgs2 plate were collected and inoculated into a starter
culture of 4 ml LB medium containing the ampicillin and incubated for approximately 8 hrs at 37˚C with
vigorous shaking at 300rpm. Secondly, starter culture was diluted 1/1000 into selective 50mL LB medium and
grown for 16 hrs .At the next day, bacterial cells were harvested by centrifugation and resuspended the bacterial
pellet in 4 ml resuspension (P1) buffer. After that, cells were lysed by adding 4ml of Lysis buffer (P2), then
mixed thoroughly by vigorously inverting the sealed tube 6 times, incubated at room temperature for 5 minutes.
Next, bacterial cells were neutralized by adding 4 ml of chilled buffer P3 (Neutralising Buffer), following step
was incubating on ice for 15 mins then centrifuged at 20000xg for 30 mins at 4˚C. After centrifugation,
supernatant containing DNA promptly collected into a new tube and centrifuged again at 20000xg for 15 min at
4˚C. Next supernatant containing plasmid DNA promptly collected and simultaneously the QIAGEN-tip 100
was equilibrated by applying 4 ml buffer QBT. Then, Plasmid DNA containing solution filtered through the
column and colum was washed by 10 ml buffer QC (Washing buffer) to remove the impurities. DNA was
eluted by Elusion buffer (QF) and precipitated the purified DNA was done by isopropanol and 70% ethanol,
last but not least , DNA pellet was dissolved in Trypsin-EDTA buffer. Finally the amount of DNA were
measured by Nano-drum.
2.2. Measurement of DNA concentration
The amount of purified plasmid DNA was measured by Nano-drum software (NanoDrop 1000 v3.8.00). Firstly,
the machine was blanked using DNAase free water, secondly a drop of DNA was loaded into the loading
chamber finally the amount of DNA were measured by clicking measure button of the NanoDrop 1000 v3.8.00
software. The amount of plasmid DNA were more than 500 ng/μl.
2.3. Cell culture
HEK-293 cell were cultured in the DMEM media containing 10% serum and antibiotic (PEN-Strep).The day
before transfection different number of cells (5Ⅹ105, 5.25Ⅹ105, 5.75Ⅹ105, 6.25Ⅹ105 and 7Ⅹ105) were
cultured in 2 ml of FDMEM media in each well of six well plate. In the morning of the day of transfection
media were changed by the fresh media and cells were allowed to grown for different time point in the
incubator at 37oC with 5% CO2.
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2.4. Western blot
Western blot analysis was performed as described previously Felgner et al., 1994 (35). In brief, cells were
washed in cold PBS, and lysed with lysis buffer containing 50mM Tris-HCl (pH-7.4), 150mM NaCl, 1mM
DTT, 30mM NaF, 10mM Na3VO4, 0.5% NP40, and a protease inhibitor cocktail (Roche). Cell lysates were
subjected to 12% SDS-PAGE and transferred to a PVDF membrane (Millipore). For immunobloting,
membranes were blocked for 2 h at room temperature with 5% nonfat dry milk in 0.5% TBST. Membranes
were washed four times in TBST and incubated overnight at 40C with primary antibodies in 5% nonfat dry
milk. Following four additional washes in TBST, the membrane were further incubated for 1 h with HRPconjugated secondary antibodies. Bounded antibodies were detected using chemiluminescent HRP substrate
(Millipore, USA) and Chemiluminescent Imaging System (ChemiDocTM).
2.5. Transfection
HEK-293 cells were cultured in 6 well plate. The day before transfection cells were trypsinised using TrypsinEDTA ,trypsinised cells allowed to grow overnight, in the next morning media changed with fresh FDMEM
media before transfection. For transfection 2ug of DNA first added to 500 ul OPTIMEM and incubated 5
minutes, then added 6 µl of (DNA:LIPO=1:3) to the OptiMEM containing DNA, mixed well then incubated 30
minutes. After 30 minutes DNA-Lipo complex added to the cell drop by drop and incubated cell at different
time frame (12-96 hours). In some experiment the tranfected media were changed intentionally after 6 hours to
observe the effects of media change in tranfection.
3. Results and Discussion
There are lots of techniques available in science to study the transfection and gene expression but still
transfection through plasmid is indeed unique and superior. We explored combination of several contributing
factors to alter the transgene expression capacity in transfection. Firstly, the issue of using antibiotics has
revealed from our experiment. Generally, penicillin and streptomycin are used in cell culture to prevent the
cells from contamination. Although, the antibiotics are detrimental for cells as they reduced the rate of
transfection. In our study, we have found that antibiotics have minimum or no effects on transgenic expression
and it did not even interfere with the expression of protein. To study the effects of antibiotic on expression of
PTGS2 gene in HEK-293 cell, we have used the both media with or without antibiotics. At first culture, the cell
from the day before transfection with antibiotic, whereas, on the day of transfection, media of one sample
changed without antibiotic and another with antibiotic then incubated the HEK-293 transfected cell for 48
hours more and we have not realized any significant difference between antibiotic and non antibiotic
containing mediums (Figures 1A and 1B).

Figure 1. Effects of antibiotic in transfection. HEK-293 cells were cultured in DMEM media and
Transfected with ptgs2. Then incubate for 48 hours in the presence and absence of antibiotic. A.
Expression of ptgs by western blot. B. Analysis the intensity of the transfected protein analyse by ImageJ
software.
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Figure 2. Effects of different ratio of DNA and Lifectamine in transfection. HEK-293 cells were cultured
in DMEM media and Transfected with ptgs2. Then incubate for 24 hours in the presence of different
ration of DNA and Lipofectamine (DNA:Lipo, 1:1, 1:2, 1:3, 1:4, 1:5). A. Expression of Ptgs2 by western
blot. B. Intensity of the transfected protein to different ratio of DNA and lipoanalyse by ImageJ.

.

Figure 3. Effects of different cell number in transfection. HEK-293 cells were cultured in DMEM media
and Transfected with ptgs2. Then incubate for 24 hours in the presence of different number of cell (5Ⅹ
105, 5.25Ⅹ105, 5.75Ⅹ105, 6.25Ⅹ105 and 7Ⅹ105). A. Expression of Ptgs2 by western blot. B. Intensity of
the transfected protein in different number of cells.
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Figure 4. Effects of the amount of DNA in transgene expression. HEK-293 cells were cultured in DMEM
media and Transfected with different amount of ptgs2 . Then incubate for 24 hours in the presence of
6.25Ⅹ105 cells and DNA:Lipo 1:3. A. Expression of Ptgs2 at different amount of DNA by western blot.
B. Intensity of the transfected protein in presence of various amount of DNA.

Figure 5. Effects of different time incubation in transfection and transgene expression. HEK-293 cells
were cultured in DMEM media and Transfected with ptgs2. Then incubate for 6-96 hours in the
presence of 6.25Ⅹ105 cells. A. Expression of Ptgs2 at different time by western blot. B. Intensity of the
transfected protein in different fashion.
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Figure 6. Effects of changing the tranfected media after 6 hrs post transfection in transgene expression.
HEK-293 cells were cultured in DMEM media and Transfected with ptgs2. Then incubate for 6-96 hours
in the presence of 6.25Ⅹ105 cells and DNA:Lipo 1:3.A. Expression of Ptgs2 at different time after
changing of transfected media by western blot. B. Intensity of the transfected protein at different time
fashion.
Moreover, in transient transfection process we incubated transfected cell for very short span of time (24-48hrs)
so antibiotics were not essential as we strictly maintained the sterilization procedures. Later, we studied the
effects of different ratio of DNA and lipofectamine in transgenic expression. The ratio of lipofectamine to DNA
is significantly important to study the expression of transgene (Colosimo et al., 2000; Felgner et al., 1994)
because excess amount of lipid complex leads to cytotoxicity of cell whereas the very low amount cannot carry
the DNA to cytoplasm for expression of the protein. In several consecutive experiments, we found that low
amount of lipofectamine (DNA:Lipo) is not sufficient to induce the expected level of ptgs2 protein expression
in western blot experiment. In contrast, too much DNA: Lipo (>1:4) has also the negative effects on protein
expression due to cellular toxicity (Figure 2A). The best expression we get DNA:lipofectamine is 1:3 ratio
which ratio of DNA to lipo is around 2 times more than 1:2 and three to four times than 1:4 or 1:5 (Figure 2B).
The excessive amount of lipofectamine higher than 1:5 is highly poisonous to the cell and severe cellular death
occurred when DNA: Lipo 1:8 (data not shown). Number of the cell and confluency during transfection is one
of the most considerable factor. Now, the expression efficiency of transfected gene greatly depends on the
confluency of cell. If the cell numbers are too low, the high amount of DNA or lipo become toxic to the cell and
if there are over confluent cells can also reduce the expression of target gene. According to the purpose of study
scientists recommended different cell numbers for different types of cells i.e. usually 30-90% confluency at the
time of transfection. In our experiment, we found that 6.25Ⅹ105 cell/2 mL/well of six well plate, when the
confluency of cells becomes 60% at the time of transfection is the best for expression of our PTGS2 protein in
HEK-293 cell. The expression of PTGS2 was around six times compared to 5Ⅹ105, 5.25Ⅹ105 cell/well, two
times to 5.75Ⅹ105 and 3.5 times to 7Ⅹ105 (Figure 3A), we observed the confluency at the time of transfection
was around 40-55% incase of 5Ⅹ105-5.75Ⅹ105 cell, and 60-70% incase of 6.25Ⅹ105 cell/each well. And
confluency of the 7Ⅹ105cell/well was more than 90% during transfection. We experienced at least three focus
in each plate to confirm the confluency. Though it was great dilemma as over confluent cells showed lower
expression than optimum number (6.25Ⅹ105) of cell (Figures 3A and 3B). The speculation in this case
possibly the competition between cells to uptake the nutrition and lipoplex from media which hinders the
maximum entrance and excessive metabolites produces from the cells may also inhibit the uptake of lipoplex. It
is possible assumption of yielding 3 times less expression of ptgs2 protein in HEK-293 transfected cell with
more than 90% confluency compared to 60% confluent cell. In case of delivery and expression of gene,
determination of the optimum mass of plasmid DNA is most important issue in transfection and transgene
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expression study. The higher amount of DNA is not efficient like as lower amount of DNA (Figures 4A and
4B). So finding the exact amount is very important in transgene expression. In our repeated experiments we
have found that 2 µg DNA is the optimum and sufficient to express the highest amount of PTGS2 protein in
HEK-293 cell. Too much DNA greatly reduce the expression of the protein also too less DNA unable to
produce the expected amount (Figure 4A). There are some report that DNA mass more than 4 is highly
cytotoxic even 4 ug DNA can induce the cellular death at a high level whereas 1.5 ug DNA is sufficient to
express the highest amount of protein (Galbraith et al., 2006;Ye et al., 2009; Carpentier et al., 2007; Colosimo
et al., 2000). In our experiment, we understood that, 8 µg DNA induce huge cell death and reduced the
expression of protein almost basal Level. The expression level of PTGS2 protein in 2 µg was 2-3 times higher
than cell transfected with 3 or 4µg DNA (Figure 4B). Optimization of cell transfection typically includes
determination of the optimum mass of plasmid to be transfected and the time point after transfection that
provides the maximum expression. Also the change of original media after some hours of transfection with
freshly supplied media reduced the expression of transfected gene (Figure 5A). The cells continued to
proliferate in media and number of the cells increased after transfection in a time dependent manner. At the
same time, the proliferative cell dilute the amount of transfected DNA for the expense of proliferation. As a
result, determination of the optimum time point for maximum expression of protein is really important to
effective study of the protein expression. In our consecutive experiments, we have explored that maximum
expression of protein occurs within first 24 hours. After 24 hours the amount of expressed protein starts to
decline and after 96 hours the amount of expressed protein are not present at considerable level (Figure 5A).
The relative expression of protein at 24 hours is about 3 times compared to 12 hours and 1.5 times compared to
48 hours post-transfection (Figure 5B).
Expression of protein reduced to half when transfected media changed by fresh media after 6 hours of
transfection (Figure 6A). It has observed that the expression level reduced to almost half in 24 and 48 hours
post-transfection when tranfected media changed after 6 hours (Figure 6B). Many protocols suggest to change
the media after some hours of post-transfection ,though we have found that it was not good to change the
transfected media. Instead of post-transfection media replacement it was better to change the media at the
morning before transfection to minimize or reduce the cellular metabolites and also to remove the dead cell
debris from media. Because dead cells and cellular metabolites significantly hinders the uptake of DNA thereby
expression of protein reduced.
4. Conclusions
Determination of optimum conditions for the transgene expression was really a challenging task which related
with number of factors like cell number, presence or absence of antibiotics, number of cell, amount of DNA,
DNA:Lipid reagent ratio, time of post-incubation, whether to replace transfected media after transfection or not
etcetra. Protein expression levels could be different with the same cell line by using different genes and also by
different genes in same cell line. However, considering all of these data we can easily conclude that the best
conditions to get the maximum expression of protein in transfection of HEK-293 cell with 2 μg DNA, DNA:
Lipo ratio 1:3 and 24 hour post-tranfection.
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