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Construction of an eGFP Expression Plasmid under
Control of T7 Promoter and IRES Sequence for Assay of
T7 RNA Polymerase Activity in Mammalian Cell Lines
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Abstract
Background: Recently, the use of T7 RNA polymerase instead of other viral
and cellular promoters is increasing due to high efficacy of transcription in the
cell cytoplasm by this polymerase. In order to translate the transcripts
produced by T7 RNA polymerase in mammalian cell lines, it is necessary to
include Internal Ribosome Entry Site (IRES) sequences. In addition, if
sequence of poly A signal would be included after interested gene, the rate of
expression could be increased in the cells.
Methods: For expression of eGFP in HEK-293 and T7-BHK cells by T7 RNA
polymerase, the sequence of eGFP as well as IRES sequences upstream of
eGFP gene and poly A signal were inserted into a pUC57 plasmid. On the
other hand, gene of T7 RNA polymerase was cloned into modified pIRES2EGFP plasmid. Then, the constructed plasmids were transfected into HEK-293
cells. T7-BHK cell was used for control of T7 RNA polymerase activity.
Results: Our results showed that using T7 RNA polymerase for expression of
foreign genes in mammalian cell lines is highly efficient.
Conclusion: Highly efficient eGFP expression in HEK-293 cells showed that
T7 RNA polymerase could be used for cytoplasmic RNA transcription such as
production of anti-cancer proteins and oncolytic viral genomic RNA by
reverse genetics.
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Introduction
Stable and high level synthesis of external
proteins could be achieved by usingT7 RNA
polymerase activity and T7 promoter vectors in
mammalian cells [1-7]. Many studies have shown
that using CMV promoter as a viral promoter in
plasmids is not suitable for stably expression of
genes in mammalian cells. This may be due to
promoter silencing in eukaryotic cells by epigenetic
conditions [8, 9]. Therefore, the use of T7 promoter
that is not affected by cellular silencing mechanism
may be advantageous for stable expression of
foreign genes in eukaryotic cells.
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The enzymatic activity of T7 RNA polymerase
is needed to transcribe mRNA from T7 promoter. To
express foreign genes under control of T7 promoter,
the sequence of IRES (Internal Ribosome Entry Site)
is necessary for translation of mRNA, since cap
structure is not added at 5’-end of T7 RNA
polymerase transcripts. The IRES sequences could
be obtained from viral genomes such as
Encephalomyocarditis (EMC) virus untranslated
regions. These sequences could be detected by
cellular Ribosomes for translation of mRNA [10].
To increase the high transcription power for T7
RNA polymerase, three G nucleotides have been just
added after T7 promoter [11]. On the other hand, if
sequence of poly A signal had included after the
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interested gene, the rate of expression could be
increased in cells. Using T7 promoter in vectors and
T7 RNA polymerase activity has different
application for research. For example; T7 promoter
and T7 RNA polymerase have been used in reverse
genetics for rescue of the negative-stranded RNA
viral genome from cDNA in cytoplasm. This
technique has been applied to rescue the
recombinant oncolytic RNA viruses such as measles
virus and Newcastle disease virus and vaccine
development [11-15]. Using T7 RNA polymerase in
reverse genetics for negative-stranded RNA viruses
is important, since transcription of viral RNA
without cap structure is essential. Thus, using T7
promoter just before first nucleotide of virus could
lead to transcription of the viral RNA with correct
end of genome by T7 RNA polymerase. Also,
recombinant vectors consisting of T7 RNA
polymerase/T7 promoter expression system could be
effective in cancer gene therapies [16, 17].
Here, we describe a construction of an
expression plasmid in which an eGFP was included
as a reporter gene under the control of T7 Promoter
and IRES sequences for assessment of T7 RNA
polymerase activity in HEK-293 and T7-BHK cells
(Figure 1).

Materials and Methods
Cell lines
HEK-293 cells and T7-BHK cells were grown
in high glucose Dulbecco’s Modified Eagle’s
Minimal medium (DMEM) (Gibco) containing 10%
fetal bovine serum (FBS) (Gibco), the antibiotics
penicillin (100 U/ml) and streptomycin (0.1 mg/ml).

Construction of plasmids
The bacteriophage T7 RNA polymerase gene
was amplified by using BL-21 genome lysate as a
template. The PCR amplification of T7 RNA
polymerase gene was carried out by using specific

primers with Platinum-pfx kit (Invitrogen). All
primers for PCR amplification are listed in table 1.
The PCR products for T7 RNA polymerase
gene was purified using Qiagen purification kit. The
T7 RNA polymerase gene was digested with NheI
and XhoI. Then, after purification with a gel
extraction kit (Qiagen), the DNA fragment of T7
RNA polymerase (in length of 2600Kb) was cloned
into modified plasmid of pIRES2-EGFP (Clontech)
and recombinant vector was called pCMV-T7.
The PCR amplification of sequences of T7
promoter, IRES, eGFP gene and poly A signal
(named FT7A) was carried out by using specific
primers with Platinum-pfx kit (Invitrogen). Forward
and reverse primers were called FT7A-F and FT7AR, respectively. There was not any enzyme site at 5’end of FTA-F, but the FT7A-R contained Sal I. The
sequence of T7 promoter included at 5’-end of
FT7A-F. pIRES2-EGFP plasmid was used as a
template for amplification of FT7A sequences.
The cloning process for FT7A was done in
pUC57 plasmid in form of blunt-sticky. The PCR
products for FT7A sequences were purified and
digested with Sal I, but pUC57 plasmid was digested
with two enzymes including SmaI and SalI. Then,
the DNA fragments of FT7A sequences were cloned
into pUC57 plasmid and recombinant vector was
called pFT7A.To confirm FT7A cloning into
pUC57, digestion with EcoRV and SalI was carried
out.

Transfection
To analyze the functionality of T7 RNA
polymerase, two recombinant plasmids pCMV-T7
and pFT7A were co-transfected into HEK-293 cells.
On the other hand, pFT7A plasmid was transfected
into T7-BHK (as a positive control), which stably
expressed T7 RNA polymerase. Totally, for each
cells including HEK-293 and T7-BHK, cells were
grown into 6 well tissue culture plates to 80%
confluency and transfected with 4µg plasmids via
Lipofectamine 2000 (Invitrogen).

Table 1. Primers for amplification of T7 RNA polymerase gene and FT7A, green colors represent the
digestion sites of primers, red colors represent T7 promoter.
Gene
T7,Forward primer
T7,Reverse primer
FT7AF,Forward
primer
FT7AR,Reverse
primer
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Primer sequence
CTAGCTAGCCCACCATGAACACGATTAACATCGCTAAGAACGAC
CCGCTCGAGTTACGCGAACGCGAAGTCCGACTC
TAATACGACTCACTATAGGGACTCAGATCTCGAGC
AAAGTCGACGGACAAACCACAACTAGAATG
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Figure 1. Schematic representation of eGFP expression plasmid under control of T7 promoter and IRES
sequences.
Final concentration of each plasmid for
transfection into HEK-293 cells was 2µg for
pCMV-T7 and 2µg for pFT7A. Cells were
incubated for 16h at 37 ̊C, and then washed once
with phosphate buffer saline (PBS) and maintained
in DMEM containing 10% FBS. After 2 days,
fluorescence of eGFP into transfected cells was
assessed.

Results

Figure 2. Line 2 is related to 1Kb ladder
(Fermentas, cat. No.SM0311) and 2600bp band in
line 1 shows amplification of T7 RNA polymerase
gene.

PCR amplifications and construction of
plasmids
The
bacteria
genome
containing
of
bacteriophage T7 RNA polymerase was isolated
from BL-21, and sequences of T7 RNA polymerase
gene was amplified by PCR (Figure 2). In order to
express T7 RNA polymerase in HEK-293 cells, T7
RNA polymerase gene was cloned into modified
pIRES2-EGFP plasmid (pCMV-T7) (Figure 3).
Then, sequence of T7 RNA polymerase was
confirmed by sequence analysis.
To obtain PCR product for T7 promoter, IRES,
eGFP gene and poly A signal (FT7A), PCR
amplification was done onto pIRES2-EGFP plasmid
with specific primers (Figure 4). Then, PCR product
FT7A was cloned into pUC57 plasmid. Cloning of
FT7A into pUC57 was positive by double digestion
with EcoRV and SalI (Figure5).

Transfection and eGFP analysis
For analysis of T7 RNA polymerase activity in
HEK-293 cells, the pCMV-T7 and pFT7A plasmids
were co-transfected into HEK-293 cells. Results for
T7 RNA polymerase activity were positive (Figure
6a). The eGFP fluorescence after transfection with
pFT7A in T7-BHK cells which stably express T7
RNA polymerase was visible in these cells as a
positive control (Figure 6b).
Figure 3. Line 3 is related with modified pIRES2EGFP plasmid and lines 1 and 2 show
recombinant pCMV-T7.
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Discussion
Transcription of mRNA in mammalian cells
via CMV promoter as a viral promoter or
eukaryotic promoters is dependent on cellular RNA
polymerase II. Thus, expression of foreign genes by
139
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Figure 4. 1600bp band in line 1 shows
amplification of sequences including T7 promoter,
IRES, eGFP gene and poly A signal (FT7A) and
line 2 is related to 1Kb ladder.

Figure 5. 1600bp band in line 2 is related toFT7A
after digestion with EcoRV and SalI.

such vectors requires the entry of vectors into
nucleus [1]. On the other hand, when it is necessary
to constitutively express foreign genes in
mammalian cells, using these promoters are
problematic because they have been silent after few
passages [8]. However, using T7 promoter instead of
CMV promoter could be bypass gene expression
silencing. Finally, gene expression by using T7
promoter and IRES sequence could be done in
cytoplasm which is suitable for long transcripts.
In this study, eGFP expression from pFT7A by
T7 RNA polymerase indicated that co-transfection
of pFT7A and pCMV-T7 instead of stably T7 RNA
polymerase expression such as T7-BHK cell line
could be also efficient in eukaryotic cell lines.
Therefore, this system could be used for cytoplasm
RNA transcription such as production of viral RNA
by reverse genetics for oncolytic RNA viruses. On
the other hand, this system could be useful for
cancer gene therapies. Totally, using T7 RNA
polymerase and T7 promoter for expression of
siRNA in cancer cells by safe bacteria delivery
system has been shown that could be effective in
cancer cells death [18, 19]. Our constructs including
T7 RNA polymerase gene expression plasmid and
foreign gene expression plasmid under control of T7
promoter (pFT7A) have the ability to express siRNA
in cancer cells to target kinds of mRNA which are
associated with the disease. Therefore, co-delivery
of these vectors by which express T7 RNA
polymerase and foreign gene for cancer cell
targeting is hopeful by using viral vectors which
specifically enter into cancer target cells.
Results from eGFP expression after transfection
of pFT7A plasmid into T7-BHK cells indicated that
using T7 promoter and IRES sequence for interested
gene expression in stably cells which express T7
RNA polymerase is also efficient for increasing the
rescue of oncolytic viruses by using T7 promoter

Figure 6. T7 RNA polymerase assay in HEK-293 cells (a) and T7-BHK cells (b) as a control was
positive by using pFT7A vector.
140
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before first nucleotide of virus genome.
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