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Figure 2.2 Representation of the reporter plasmids generated in this study 

(A) pBEL-IRES, pBELM-IRES (B) pBELCAT, pBELMCAT, (C) pBELMGFP (D) pBELSEAP, 

pBELMSEAP. 
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Figure 2.3 Representation of the reporter plasmids carrying only 2 splice sites SD3632 and 

SA5639 

(A) pBspliceCAT, pBspliceMCAT, pMt1sdCAT (B) pMt1sdSEAP. 

 

 

In order to construct pBELM-IRES-GFP (Fig. 2.2 C), pUC57/tat/LTR/GFP and pBELM-IRES-

CAT plasmids were digested with MluI and XhoI restriction enzymes and religated. As a 

positive control for GFP the pdE1-sp1AhCMV EGFP plasmid was used (7923bp). 



 79 

To generate pBEL-IRES-SEAP and pBELM-IRES-SEAP the SEAP reporter gene was first PCR 

amplified at 60.2°C using SEAPs and SEAPa primers. SEAPs and SEAPa primers have at each 

5′ end MluI and XhoI restriction sites, respectively (Table 2.1), useful for insertion into pBEL-

IRES and pBELM-IRES. The PCR product was inserted into pCR2.1-TOPO (Invitrogen) and 

then transformation and analysis of recombinant plasmids was performed. The SEAP sequence 

from TOPO vector was digested with MluI and XhoI and inserted downstream the IRES 

sequence in pBEL-IRES and pBELM-IRES resulting in pBEL-IRES-SEAP and pBELM-IRES-

SEAP, which hereafter will be called pBELSEAP and pBELMSEAP, respectively (Fig. 2.2 D). 

To generate pMt1sdSEAP (Fig. 2.3 B), pMt1sdCAT and pBELMSEAP were digested with 

HindIII and ApaI restriction enzymes and religated.  

The LacZ gene was PCR amplified at 59°C using LacZ primers with the Expand long template 

PCR system kit according to the protocol of the manufacturer (Roche). The LacZ primers both 

have a restriction site for XhoI enzyme at the 5′ end. The PCR product was cloned into pCR2.1-

TOPO vector and then transformation and analysis of recombinant plasmids was performed. 

Plasmids pCMVE4orf4 (Somberg et al., 2009), pCMVPTB (Somberg et al., 2008), 

pCMVSRp30c (Somberg et al., 2011) and pASF/SF2 (Somberg & Schwartz, 2010) express 

E4orf4, PTB, SRp30c and ASF/SF2 respectively and have been described previously.  

 

 

 

 

 

 

http://jvi.asm.org/search?author1=Monika+Somberg&sortspec=date&submit=Submit
http://jvi.asm.org/search?author1=Stefan+Schwartz&sortspec=date&submit=Submit
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Plasmid Primers Annealing temp. PCR product Cloning enzymes 

1/10000 pKSPOLIO:S IRESs/IRESa 59°C 752 bp BamHI, XhoI, 
MluI, HpaI 

1/50000 pcSEAP SEAPs/SEAPa 60.2°C 1530 bp MluI, XhoI 

1/2000 pCMVsport β-gal LacZs/LacZa 59°C 3141 bp XhoI, XhoI 

1/2000 pCCKH1DXK CATs/CATa 65°C 660 bp MluI, XhoI 

Table 2.1 Plasmids dilution, primers pairs, annealing temperature, PCR product and 

restriction enzymes used for the cloning steps. 
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Oligonucleotide Sequence (5’-3’) 

IRESs                                      GGGATCCTTAAAACAGCTCTGGGGTTG    

IRESa   CCTCGAGTTAACACGCGTAGGTAATTCCAATAGGTGTGAGTG 

SEAPs AACGCGTGAAATGCTGCTGCTGCTGCTGCTGCTGGGCC 

SEAPa CCTCGAGTTAACCCGGGTGCGCGGCGTCGGTGGTGCCGG 

LacZs CCTCGAGATGTCGTTTACTTTGACCAAC 

LacZa CCTCGAGTTTTTGACACCAGACCAACTG 

CATs GACGCGTACCATGAGTAAAGGAGAAGAACTTTTCACTGGA 

CATa CCTCGAGCTATTTGTATAGTTCATCCATGCC 

GFPs ATTCTCGTGGAACTGGATGG 

GFPa CACTGCACGCCATAAGAGAA 

Table 2.2 Sequences of oligonucleotides used in this study for PCR 

 

Solution Concentration 1x 

DNA - 1µl 

Primer mix 100ng/µl 1µl 

dNTPs 10mM 0.5µl 

PCR buffer (10mM Mg++) 5x 5µl 

Taq polymerase 5u/µl 0.2µl 

H20 - 17.3µl 

Total  25µl 

Table 2.3 PCR reaction mix 
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Temperature Time Cycles 

95°C 5 min 1 

95°C 30 sec 35 

Annealing temperature required (Table 2.1) 30 sec 35 

72°C 1 min 35 

72°C 5 min 1 

Table 2.4 PCR cycling condition  
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2.1.2 TOPO TA Cloning  

2.5μl of fresh PCR product was mixed with 1μl of salt solution. 1μl of TOPO vector and 1.5μl of 

H2O. The reaction was mixed gently and incubated for 5 min at room temperature. 

 

 

2.1.3 Transformation into TOP10 Chemically competent E. coli 

2.5μl of the TOPO®Cloning reaction was added into a vial of One Shot® Chemically Competent 

E. coli and mixed gently. After incubation on ice for 25 min the cells were heated-shocked for 30 

sec at 42°C and then placed for 2 additional minutes on ice. 250μl of S.O.C. medium was added 

and the tube was let shake horizontally (225 rpm) at 37°C for 1 hour. 200μl from transformation 

was spread on a pre-warmed selective agar plate (Appendix I) containing 40μl of 40mg/ml X-gal 

in dimethylformamide (DMF) and then the plates were incubated at 37°C overnight.  

 

2.1.4 Purification of PCR product and vector reactions 

10-15μl of pBEL and the PCR product of interest inserted into TOPO vector were digested in the 

same reaction tube with 1μl of each restriction enzyme required, 2.5μl of Buffer and H2O up to 

25μl. After incubation for more than 3 hours at the required temperature a phenol/chloroform 

purification was performed. 25μl of H2O was added into the tube and mixed. 50μl of 

phenol/chloroform/isoamyl alcohol was added and mixed for 5 sec. After centrifugation at 14000 

rpm for 30 sec the aqueous phase was removed to a fresh tube and 50μl of chloroform was added 

and the mixture was vortexed. After an additional centrifugation at 14000 rpm for 30 sec the 

aqueous phase was removed to a fresh tube and 5μl of 5M NaCl and 120μl of 100% ethanol were 

added. The mixture was vortexed and incubated at -70°C for 10 min. After centrifugation at 
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14000 rpm for 15 min the supernatant was aspirated and 200μl of ice cold 70% ethanol was 

added. An additional centrifugation at 14000 rpm for 5 min was performed and the supernatant 

was aspirated and the pellet was air-dried completely.  The pellet was then resuspended in 8μl of 

H2O and ligation was performed. 

 

 

2.1.5 Ligation Reaction 

The ligation was performed using the Rapid DNA Dephos & Ligation Kit according to the 

protocol of the manufacturer (Roche). 2μl of DNA dilution Buffer was added into the tube 

containing 8μl of purified reaction and mixed thoroughly. Then 10μl of T4 DNA Ligation buffer 

and 1μl of T4 DNA ligase were added and mixed thoroughly. The reaction was incubated for 5 

min at room temperature and 2.5μl was then transformed into One Shot® Chemically Competent 

E. coli as described above. 
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2.1.6 Analysis of recombinant plasmids 

Single colonies were picked from the agar plate and inoculated into 3ml LB medium (Appendix 

I) containing 3µl of ampicillin and incubated overnight at 37°C in an orbital incubator. 1.5ml of 

the overnight culture was poured into tubes and centrifuged at 14000 rpm for 3 min. The 

supernatant was aspirated and the pellet resuspended in 100µl of solution I (Appendix I), then 

200µl of solution II (Appendix I) was added and the mixture was incubated at room temperature 

for 5 min. 150µl of solution III (Appendix I) was added, vortexed and incubated on ice for 5 min, 

then centrifuged at maximum speed for 5 min. 400µl of the supernatant was transferred into a 

fresh tube containing 400µl of phenol/chloroform/isoamyl alcohol (Appendix I), and the mixture 

was vortexed and centrifuged for 30 sec. Then the aqueous (top) phase was transferred into a 

fresh tube and 400µl of chloroform was added. After vortexing and centrifugation for a further 

30 sec the aqueous phase was transferred into a fresh tube containing 800µl of 100% ethanol 

(Merck). The mixture was then vortexed and incubated on ice for 5 min. The tubes were 

centrifuged at maximum speed for 5 min to pellet the DNA and the supernatant was aspirated. 

1ml of cold 70% ethanol (Appendix I) was then added and centrifuged at maximum speed for 5 

min. The supernatant was carefully aspirated and the pellet let to air-dry. 25µl of TE buffer 

(Appendix I) containing RNase A (22µg/ml) (Appendix I) were added.  

 

2.1.7 Restriction of mini preparation plasmid DNA 

In order to identify the recombinant plasmid of interest each mini preparation plasmid was 

subjected at restriction. 10µl of plasmid was mixed with 1.5µl Buffer solution, 0.25µl of each 

restriction enzyme (Table 2.1) and milliQ-water up to 15µl according to the protocol of the 

manufacturer (Roche). The mixture was incubated at the required temperature of each restriction 
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enzyme for at least 2 hours and then analyzed with electrophoresis on a 1% agarose gel with 

ethidium bromide staining (0.5µg/ml ethidium bromide dissolved in gel). 

 

2.1.8 Isolation of high quality plasmid 

Isolation of purified plasmid DNA from bacterial cultures was carried out using the High Pure 

Plasmid Isolation kit (Roche). The bacterial culture with the plasmid of interest was grown 

overnight at 37°C in 8ml LB medium containing 8µl of 100mg/ml ampicillin. 3ml of overnight 

culture were poured into a tube. After centrifugation at 6000 × g for 30 sec the supernatant was 

discarded and the pellet was resuspended with 250µl suspension buffer containing RNase and 

mixed well. 250µl of Lysis buffer was added and mixed gently, the mixture was then incubated 

for 5 min at room temperature. 350µl of chilled Binding buffer was added and mixed gently and 

incubated on ice for 5 min. The tube was then centrifuged for 10 min at 13000 x g. The 

supernatant was then transferred into a high pure filter tube, previously inserted into a collection 

tube, and it was then centrifuged for 1 min at 13000 x g. The flowthrough liquid was discarded 

and 500µl of Wash buffer I was added to the filter tube. After centrifugation at maximum speed 

for 1 min the flowthrough was discarded and 700µl of Wash buffer II were added to the filter 

tube followed by centrifugation for an additional minute at maximum speed. The filter tube was 

then inserted into an eppendorf tube. 100µl of Elution buffer was added and the tube was 

centrifuged 1 min at maximum speed. 10µl of purified plasmid DNA was first subjected at 

restriction (Table 2.1) and bands analyzed with electrophoresis on a 1% agarose gel with 

ethidium bromide staining and then sent for sequencing. 

In order to prepare purified plasmid DNA in large quantities all plasmids were purified with the 

Genopure Plasmid Midi kit (Roche). The bacterial culture with the plasmid of interest was grown 
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overnight at 37°C in 100ml LB medium containing 100µl ampicillin, with vigorous shaking 

(approx. 200 rpm). To pellet the bacteria the culture medium was centrifuged for 10 min at 3000 

× g at 4°C and then the supernatant was discarded. The pellet was let air-dry for few minutes and 

thereafter carefully resuspended in 8ml Suspension buffer containing RNase. 8ml Lysis buffer 

was added and mixed gently by inverting the tube and the mixture was then incubated 2-3 min at 

room temperature. 8ml chilled Neutralization buffer were added and mixed immediately by 

inverting gently until a homogenous mix and then incubated 5 min on ice. The bacteria lysate 

was first cleared by filtration and then loaded into a column and let empty by gravity flow. The 

flowthrough was loaded into the column once more and then it was discarded. The column was 

thereafter washed with 4ml of Wash buffer and let to flow through. This step was repeated 2 

times more. The column was then inserted into a collection tube capable of withstanding high 

speed centrifugation and 2,5ml of pre-warmed Elution buffer (50°C) were added and let to empty 

by gravity flow. This step was repeated one more time and then 3,6ml of isopropanol was added 

into the tube to precipitate the eluted plasmid. The plasmid DNA was centrifuged for 30 min at 

15000 × g at 4°C. The supernatant was then carefully discarded and the plasmid DNA was 

washed with 3ml of chilled 70% ethanol and centrifuged for an additional 10 min at 15000 × g at 

4°C. The supernatant was then carefully removed and the tube was then let to air-dry for about 

10 min. The DNA plasmid pellet was then re-dissolved in 50µl TE buffer and stored at -20°C.  
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2.2 Analysis of the reporter genes 

 
2.2.1 Cell culture and transfections  

HeLa cells were cultured in RPMI-1640 medium containing 10% fetal bovine calf serum, 

glutamine and penicillin-streptomycin. Transfections were carried out by using 

GeneJuice®Transfection reagent according to the protocol of the manufacturer (Novagen). In 

short, 2x106 HeLa cells were plated per well into 35mm plates the day before transfection and 

incubated at 37°C. 3µl of GeneJuice®Transfection reagent and 100µl of serum-free RPMI-1640 

medium were mixed and incubated for 5 min. Then the required amount of plasmid DNA was 

added, and the mixture was incubated at room temperature for 10 min. Thereafter, the mixture 

was added drop-wise into each well at approximately 70% confluence, and incubated at 37°C for 

24 hours.  

 

 

2.2.2 CAT ELISA assay 

Cells were harvested 24 hours post-transfection, lysed, and the CAT levels were determined 

using a CAT ELISA assay based on the sandwich ELISA principle according to the protocol of 

the manufacturer (Roche). Briefly, cells were lysed in 1ml lysis buffer and the cell extract 

containing the CAT enzyme was centrifuged at 13000 x g for 10 min at 4°C. 200µl of cell extract 

was added per well into a coated microplate and incubated for 1h at 37°C. The wells were rinsed 

5 times with a washing buffer and an Anti-CAT-DIG working dilution was added and incubated 

for 1h at 37°C. After the washing steps an Anti–DIG-POD working dilution was added in each 

well. After 1 hour at 37°C the wells were washed 5 times and a POD substrate was added into 
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each well and incubated at room temperature. Absorption was measured at 405nm using a 96-

well microplate ELISA reader (Labsystems Multiskan®Plus).  

 

2.2.3 SEAP assay 

The medium from the transfected cells was analyzed based on the SEAP Assay Protocol 

(Roden/Bossis). The medium was heat inactivated at 65°C for about 10-15 min to reduce 

background and 200µl was then poured into a 96-well microplate. 20µl of 0.05% CHAPS 

(Appendix I) in PBS was added to each well and then 40µl of substrate (Appendix I) was added 

and incubated at room temperature in darkness and measured at 405nm in a 96-well microplate 

ELISA reader (Labsystems Multiskan®Plus). 

    

2.2.4 GFP assay 

For the analysis of CMVGFP and pBELMGFP expression plasmids, a cover slip was placed into 

each well of a 35mm plate and then 2x106 cells were added. Transfection was carried out as 

previously described. After 24 hours the cells were washed twice with PBS and the cover slip 

was removed from the well and mounted on a slide. GFP fluorescence intensities were detected 

and quantitated with a fluorescence microscope from the living cells (CELL^F software, 

Olympus Soft Imaging solutions GmbH).  

.  

 

2.2.5 β-galactosidase assay 

A second reporter vector, pCH110, was included in all transfection experiments and assayed so 

that the expression of the experimental reporter gene may be normalized. The normalizing cells 
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were transfected with each plasmid in a minimum of three independent experiments with similar 

results. β-Galactosidase was assayed by adding 150µl of 2x assay buffer (200mM sodium 

phosphate buffer, pH7.3, 2mM MgCl, 100mM β-ME, 1.33mg/ml ONPG) to 150µl of cell 

extract. The mixture was incubated at 37°C for 3 hours and the reaction was stopped adding 

500µl of 1M sodium carbonate. The absorbance was monitored at 420nm in a spectrophotometer 

using plastic cuvettes.  

 

 

2.3 Establishment of stable cell lines 

2.3.1 Stable transfection and clones selection 

2x106 HeLa cells were plated per well into 35mm plates and incubated overnight at 37°C. 1.5µg 

of DNA reporter plasmid was co-transfected respectively with 0.25µg of pSVNEO into cells and 

24 hours post-transfection cell were transferred into 100mm dishes. Stable clones were selected 

with 200µg/ml of G418 and after approximately 3 weeks individual clones were picked and 

plated in new culture dishes. For DNA extraction the cells were trypsinised, pelleted and 

resuspended in 200µl of Phosphate-buffered saline (PBS). The cells were lysed with 300µl of 

cell lysis solution (Appendix I). 100µl of a 10M ammonium acetate solution was then added to 

precipitate the proteins followed by vortexing for 15 sec. The mixture was centrifuged for 5 min 

at 13000 x g and 300µl of isopropanol was added to the supernatants followed by centrifugation 

for 5 min to pellet the DNA. The DNA pellets were washed with 300µl of 70% ethanol and 

resuspended in 25µl TE buffer (10mM Tris.Cl pH8.0, 1mM EDTA). The DNA was subjected to 

PCR amplification with CATs and CATa primers (Table 2.2) for CAT stable cell lines or GFPs 

and GFPa (Table 2.2) for pBELMGFP stable cell line. A further PCR amplification was 
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performed with IRESs and IRESa primers (Table 2.2) in both CAT and GFP positive clones to 

confirm the integration of the entire sequence. 15µl of each PCR product were analysed on a 1% 

agarose gel.  

 

 
 
 
 
2.3.2 RNA extraction and reverse transcription (RT)-PCR 

 
(i) RNA extraction 

Total RNA was isolated using the High pure RNA isolation kit according to the protocol of the 

manufacturer (Roche). The cells were trypsinised and centrifuged at 1500 x rpm for 3 min. The 

pellet was washed with PBS and centrifuged for 5 additional minutes. The cells were 

resuspended with 200μl of PBS and 400μl of Lysis/-Binding Buffer was added. After vortexing 

for 15 sec the entire sample was transferred into the upper reservoir of the filter tube inserted in 

one collection tube. The tube was centrifuged for 15 sec at 8000 × g and the flowthrough liquid 

discarded. 500µl of Wash Buffer I was added to the upper reservoir of the filter tube and 

centrifuged for 15 sec at 8000 × g.  

After discarding the flowthrough 500µl of Wash Buffer II was added. After a centrifuge for 15 

sec at 8000 × g 200µl of Wash Buffer II was added and the tube centrifuged at maximum speed 

for 2 additional minutes. The RNA was then eluted with 80µl of Elution Buffer and the tube 

centrifuge for 1 min at 8000 × g. 
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(ii) RT-PCR 

Total RNA was then reverse transcribed at 42°C by using Superscript II and gene specific 

primers (Table 2.5) according to the manufacturer’s instructions (Invitrogen). In short, 2µg of 

total RNA was added into a RNase free tube. Then 1μl (100ng) of gene-specific primer (GSP), 

1μl of dNTP Mix (10mM each) and RNase free water up to 10μl were added. The mixture was 

heated at 65°C for 5 min and quick chilled on ice. The content of the tube was collected by brief 

centrifugation and a reaction mix of 4μl of 25mM MgCl2, 2μl of 5X First-Strand Buffer, 2μl of 

0.1M DTT and 1μl of RNaseOUT™ (40 units/μl) was added into the tube and mixed gently. The 

tube was incubated at 42°C for 2 min and then 1μl of SuperScript™ II RT was added and mixed 

by pipetting gently up and down. The tube was then incubated at 42°C for 50 min and the 

reaction was inactivated by heating at 70°C for 15 min. From the synthesised cDNA 2µl was 

taken and PCR-amplified in a 25µl reaction volume using oligonucleotides listed in Table 2.1. 

An annealing temperature of 55°C was used to PCR amplify cDNAs with 757s and E4a primers, 

whereas an annealing temperature of 57°C was used with 757s and L1a primers or 757s and 

L1Ma primers. cDNA synthesized with oligonucleotide CATa was PCR amplified at 68°C with 

primers 757s and CATa (Table 2.5).  
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Oligonucleotide Sequence (5’-3’) 

CATa CCTCGAGCTATTTGTATAGTTCATCCATGCC 

757s GTCGACGGTATCGATCGGTTGTGCGTACAAAGCACACACG 

E4a CCGCGCGCTGCCTAATAATTTCAGGAGAGG 

L1a  CCGTGCTTACAACCTTAGATACTGGGACAG 

L1Ma  CGCTGGGCAGCCACAGGC 

Table 2.5 Sequences of oligonucleotides used in this study for RT-PCR 
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2.4 Treatment with small molecules drug 

2.4.1 Stable transfection with small molecules drugs 

2x106 cells from derived stables cell lines were plated per well into 35mm plates containing 2ml 

RPMI-1640 medium. Next day medium was replaced with 2ml complete medium containing 

different concentrations of small molecules: TPA (phorbol 12-myristate 13-acetate, Sigma), 

emetine (emetine dihydrochloride hydrate, Sigma), cycloheximide (Sigma), ceramide (N-

Hexanoyl-D-sphingosine, Sigma), valproic acid (Sigma), scriptaid (Sigma), amiloride (Sigma) or 

tannic acid (Sigma). Cells were then incubated at 37°C and harvested at different time points and 

analysed.  

 

2.4.2 Transient transfection with small molecules drugs 

2x106 HeLa cells were plated per well into 35mm plates containing 2ml RPMI-1640 medium. 

Transfections were carried out by using GeneJuice®Transfection reagent according to the 

protocol of the manufacturer (Novagen). 0.5µg of plasmid DNA was added, and the mixture was 

incubated at room temperature for 10 min. Thereafter, the mixture was added drop-wise into 

each well and incubated at 37°C. 24 hours posttransfection medium was replaced with 2ml 

RPMI-1640 medium containing 0.5µl H2O, 800ng TPA, 0.5mM valproic acid or 10µM tannic 

acid and cells were incubated at 37°C for further 24 hours.  

 

2.5 Protein analysis 

2.5.1 Protein extraction 

Cells were lysed from the 6 well-plate directly with the lysis buffer from the CAT ELISA KIT or 

by trypsination as follows: cells were harvested with 200µl trypsin and then 800µl of complete 
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medium was added in each well. After centrifuging the cells in media for 3 min at 1500 rpm at 

room temperature, the supernatant was aspirated off and the pellet resuspended in 1ml of cold 

PBS. After a further centrifugation at 1500 rpm for 5 min, the PBS was aspirated off and cells 

were resuspended in 40-80μl RIPA buffer and vortexed vigorously. The mixer was incubated on 

ice for 20 min with occasional mixing followed by centrifugation at 14000 rpm for 30 min at 

4°C. The supernatant was transferred into a fresh tube and protein concentration was measured in 

duplicate with Bradford assay using a BSA standard curve. Samples were stored at -80ºC.  

 

2.5.2 Western blot 

15µl of each sample was heated at 95°C for 5 min and then was loaded with 5µl of 4x Laemmli 

sample buffer onto on an SDS-PAGE minigel (Appendix I). Gels were let run at 100V for 3 

hours (dye about the bottom of the gel).  

Proteins were then transferred onto a nitrocellulose membrane. All components of the blot were 

pre-wet in cold transfer buffer pH 8.3 (Appendix I) and the entire stack was placed in the transfer 

apparatus with cold transfer buffer using an ice-pack to cool down the apparatus. Transfer was 

carried out at 100V for 60-70 minutes. 

After successful transfer, the membrane was blocked in 5% non-fat dry milk for 1 hour at room 

temperature on a shaker. The membrane was then washed with TBS + 1% Tween20, 5 times for 

5 minutes.  

A dilute solution of primary antibody (for specific dilutions see Table 2.6) was incubated with 

the membrane at 4°C for 16 hours on a nutator shaker under gentle agitation. After 5 washes in 

TBS + 1% Tween20 for 5 min the membrane was then incubated with secondary antibody for 1 

hour at room temperature in 10ml 1x TBS + 5% milk + 0.1% Tween20 on a shaker under gentle 
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agitation. The membrane was then washed 5 times for 5 min each in ~20ml 1xTBS + 0.1% 

Tween20.  

Protein detection was carried out with the ECL (enhanced chemiluminescence) kit. ECL 

solutions were mixed in a 1:1 ratio and poured onto membranes for 5 min. The ECL solutions 

were drained and membrane was exposed to film. 

 

 

Antibody Dilution Low fat Milk solution Molecular weight 

PTB 1:1000 5% milk + 0.1% Tween 20 61-64 kDa 

ASF/SF2 1:500 5% milk + 0.1% Tween 20 34 kDa 

hnRNP A2/B1 1:1000 5% milk 37 kDa 

β-actin  1:5000 5% milk + 0.1% Tween 20 42 kDa 

Table 2.6 Antibodies used in this study for Western blot 

 

 

 

2.6 Apoptosis-program 

2.6.1 Serum deprivation  

2x106 cells were seeded per well into 35mm plates and incubated overnight at 37°C with 

complete medium. Next day medium was removed and cells washed once with serum free 

medium and then incubated in medium with or without serum for 24, 48 and 72 hours. Cells 

were harvested for CAT at all time points.  
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2.6.2 Heat shock 

2x106 cells were plated per well into 35mm plates and incubated overnight at 37°C with 

complete medium. Medium was then discarded and replaced with medium preheated to 45°C. 

Cells incubated at 37°C were also included in the experiment as a control for all time points. 

Cells were analysed after 30min, 1, 2 and 3 hours. 

 

 

 

2.7 Infection of cells with Lentiviruses expressing SiRNA-GFP constructs  

2.7.1 Transduction 

5x105 cells were plated in the 35mm culture dishes and incubated overnight. After 24 hours the 

medium was replaced with 0.5ml serum free medium and cells were infected at different 

multiplicity of infection (MOI) (Table 2.7) with each lentivirus carrying short hairpin RNA 

(shRNA) ASF/SF2, PTB or scramble. 4 hours post-transduction 1.5ml of complete medium was 

added to the well and then cells were incubated at 37°C for 48 hours. Selection for infected cells 

was carried out with 1µg/ml puromycin (Sigma) for further 5 days.  
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Lentiviruses 
Number of 

Cell/well TU/µl MOI Time (h) 
Puromycin 

µg/ml 

ASF/SF2 5x105 3.38x105 0.3, 1, 2, 5, 10 48 1 

PTB 5x105 4.32x105 0.3, 1, 2, 5, 10 48 1 

scramble 5x105 3.75x105 0.3, 1, 2, 5, 10 48 1 

Table 2.7 Lentiviruses used in this study  

 

 

 

2.7.2 Detection of GFP fluorescence 

Cells were plated in 35mm Glass Bottom Culture Dishes and cultured in 1.5ml complete RPMI-

1640 medium. The next day the complete medium was removed and replaced with medium 

without serum. GFP fluorescence intensity was detected with a confocal laser scanning 

microscope, Zeiss LSM 510. 

 

 

2.8 Tissue microarray preparation and analysis 

2.8.1 Samples collection and tissue microarray preparation 

Cervical samples were collected from the Rotunda Hospital (samples sent between 2005 and 

2007). Ethical approval was obtained from the Rotunda Hospital to collect patient information 

and formalin fixed paraffin embedded (FFPE) cervical tissue samples, and from Dublin Institute 

of Technology Ethics Committee. Samples were arbitrarily numbered to maintain confidential all 

patient information.  
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Tissue microarrays (TMA) were prepared using a tissue arrayer (Beecher Instruments Manual 

Tissue Arrayer MTA-1) following the instructions of the manufacturer. Cores of 1.0mm in size 

were produced using MP10 needles, produced by Beecher Instruments. Each tissue microarray 

contains 4 cases of non-neoplastic cervical epithelium, 12 cases of low-grade squamous 

intraepithelial lesion, 12 cases of high-grade squamous intraepithelial lesion and 12 cases of 

cervical carcinoma. Each case was sampled in duplicate for a total of 80 cores per TMA.  

 

2.8.2 Immunohistochemistry (Avidin-Biotin Complex Immuno-peroxidase 

method) 

Five micrometer thick cervix TMA was cut from formalin-fixed paraffin embedded tissue blocks 

and melted in the oven at 56°C for 1 hour. The tissue microarray slides were then dewaxed in 

xylene for 10 min and rehydrated in absolute alcohol for 10 min and further 5 min in spirit. To 

remove alcohol slides were washed in water for 1 min.  

Slides were then submerged in 10mM/l Citrate Buffer (pH 6) (Appendix I) and heated in the 

microwave for 12 minutes. After antigen retrieval the slides were allowed to cool in the citrate 

buffer for a further 20 min.  

After fixation with 3% methyl hydrogen peroxide for 5 min, the sections were rinsed 3 times in 

phosphate buffered saline (PBS) pH 7 and then stained using the PK-6200 universal 

VECTASTAIN ABC kit as follows. Normal horse serum was applied to the sections for 5 min. 

Sections were washed with PBS three times and approximately 300µl of specific primary 

antibody was applied and incubated at room temperature for 1 hour. hnRNP A2/B1 and 

p16INK4a were used as primary antibodies (see Table 2.8 for dilutions). Following three 

washing with PBS the biotinylated secondary antibody was applied and allowed to conjugate for 
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15 min. Sections were washed three times with PBS and then covered with ABC reagent for 15 

min. Peroxidase labeling was visualized using 0.02% hydrogen peroxide and 0.2%  2,4-

diaminobenzidine. Mayer’s hematoxylin was applied to the slides for 40 sec and the slides were 

then blued in warm water for 3 min. The tissue arrays were then dehydrated in spirit and absolute 

alcohol through xylene. A cover slip was mounted on the slide using distrene plasticiser xylene 

(DPX). 

 

 

Antibody Dilution Company Raised in 

hnRNP A2/B1 1:1000 Abcam Mouse 

P16INK4a 1:500 Abcam Mouse 

Table 2.8 Antibodies used in this study for IHC 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 101 

3. Chapter 3 - Results  

Generation and validation of HPV-16 late gene reporter constructs 

 
The life cycle of HPV-16 is strictly associated with the differentiation program of the infected 

cells (Doorbar, 2005). At the molecular level, a persistent HPV infection is characterised by 

continued expression of the early viral genes, and a complete shut-down of the late viral genes 

encoding the highly immunogenic viral structural proteins L1 and L2. Similarly high grade, 

premalignant lesions containing HPV-16 primarily express early viral genes, and not L1 or L2. 

Inhibition of HPV-16 late gene expression in the early stage of life cycle is probably a 

prerequisite for persistence of infection, therefore activation of L1 and L2 late gene expression in 

the persistently infected cells would alert the immune system of the host of the presence of the 

virus and it might clear the infection. As the L1 RNA is difficult to detect it would be useful to 

generate a novel and easy system to facilitate the investigation of HPV-16 late gene regulation. 

 

3.1 Generation of reporter plasmids 

In order to generate a simple and reliable bioassay to study HPV-16 late gene expression two 

previously described plasmids, named pBEL and pBELM, were used (Fig. 3.1) (Zhao et al., 

2004). Both plasmids carry viral early and late genes, except E6 and E7 and the weak viral 

promoters are replaced by the strong human cytomegalovirus (CMV) immediate early promoter. 

Early and late splice sites are present in the plasmid allowing the examination of the splicing 

events that can occur in HPV-16. Similar to the HPV-16 genome during an infection, pBEL 

transfected into proliferating cells expresses high level of the early genes, primarily E4, whereas 

expression of late genes is undetectable. In pBELM, the splicing silencer elements adjacent to 



 102 

the SA5639 have been mutated to reduce the silencing on this splice acceptor therefore activating 

late gene expression (Fig. 3.1) (Zhao et al., 2004). 

This study aimed to examine the regulation of HPV-16 L1 gene by replacing it with an easily 

detectable reporter such as CAT, GFP, SEAP, Luciferase and β-galactosidase. In order to 

achieve this, the plasmids pBEL and pBELM were modified to incorporate the poliovirus IRES 

and reporter gene as described in figure 3.2 and 3.3.  

 
 

 

 
 

 

Figure 3.1 Schematic representation of the subgenomic HPV-16 expression plasmids, pBEL 

and pBELM, and the major potential mRNAs that can be produced 

The position of the human cytomegalovirus immediate early (CMV) promoter is shown. 

Numbers refer to nucleotide positions of 5’ splice sites (black circles), 3’ splice sites (white 

circles). The mutation site in pBELM (M) is indicated. The early and late polyadenylation 

signals pAE and pAL are indicated. Major potential mRNAs produced by pBEL and pBELM are 

indicated below plasmids. 
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Figure 3.2 Schematic representation of cloning steps for insertion of IRES sequence and 

reporter gene into pBEL plasmid 

To release the first part of L1 gene, pBEL was digested with BamHI and XhoI restriction 

enzymes at position 6150nt in HPV-16 L1 and position 7272nt in the HPV-16 late UTR. The 

IRES sequence from the poliovirus plasmid was PCR amplified using IRESs and IRESa primers 

(Table 2.2) and cloned into TOPO followed by insertion as a BamHI/XhoI fragment into pBEL 

using T4 DNA ligase. The polylinker present in the IRES sequence was used for insertion of 

reporter genes into the plasmid. Each step was reproduced for the cloning of IRES into pBELM.  
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Figure 3.3 Generation of reporter plasmids 

Chloramphenicol acetyltransferase (CAT), green fluorescent protein (GFP), secreted embryonic 

alkaline phosphatase (SEAP), Luciferase and β-galactosidase (LacZ) were selected as reporter 

genes to be inserted into pBEL and pBELM plasmids downstream the IRES sequence. All 

restriction sites used for the cloning steps are shown in the figure. Numbers refer to nucleotide 

positions of 5’ splice sites (black circles), 3’ splice sites (white circles). 

 

 

 

 

 

The L1 region in pBEL and pBELM has unique restriction sites for BamHI and XhoI enzymes 

necessary for the cloning. When electrophoresed on an agarose gel the uncut plasmid showed a 
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supercoiled band. The plasmid digested with BamHI or XhoI resulted on a linearised band of 

10004 bp and cut with BamHI and XhoI together it released a 1 Kb fragment of L1 (Fig. 3.4).  

Cutting with BamHI or XhoI at position 6150 and 7272, respectively, will release L1 from 

nucleotide 514 and allow insertion of the IRES and reporter sequences. 

 

 

 
 

Figure 3.4 Restriction enzymes in pBEL plasmid 

10 Kb DNA ladder (M), lane 1 undigested pBEL plasmid, lane 2 pBEL plasmid digested with 

BamHI restriction enzyme (10004 bp), lane 3 pBEL plasmid digested with XhoI restriction 

enzyme (10004 bp), lane 4 pBEL plasmid digested with BamHI and XhoI restriction enzymes.   
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The first 514-nucleotides of the L1 coding sequence contain RNA elements that regulate splicing 

to the 3′ -splice site named SA5639. These sequences therefore must be present on the reporter 

plasmids and since this L1 sequence contains the L1 ATG and multiple internal methionines, the 

poliovirus 2A internal ribosome entry site (IRES) is required upstream of the reporter gene to 

ensure that the reporter gene expression is a true measure of late mRNA levels. A serial dilution 

of the pKSPOLIO:S plasmid (initially approximately 1µg/µl) containing the IRES sequence was 

carried out and PCR amplification was performed at 59°C annealing as described in Material and 

Methods, with IRESs and IRESa primers (Table 2.2, 2.3 and 2.4). The PCR product resulted in a 

752 bp band (Fig. 3.5).    

 

 
 

Figure 3.5 PCR amplification of IRES sequence with IRES set primers 

10Kb DNA ladder (M), lane 1 PCR amplification of 1/10 pKSPOLIO:S plasmid, lane 2 1/100 

pKSPOLIO:S plasmid, lane 3 1/1000 pKSPOLIO:S plasmid, lane 4 1/10000 pKSPOLIO:S 

plasmid, lane 5 blank. 
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The oligonucleotide primers used for IRES PCR amplification have at each 5′ end restriction 

sites useful for cloning into pBEL and pBELM and subsequently insertion of a reporter gene. 

The 5′ end of the IRES sense has a restriction site for BamHI and a short polylinker (XhoI, MluI 

and HpaI) is present on the IRES antisense primer (Table 2.1 and 2.2) (Fig. 3.2 and 3.3).  

The PCR product was inserted into pCR2.1-TOPO vector (3931 bp) and the recombinant vector 

was transformed into competent E. coli. Several colonies were picked and plasmids were isolated 

and purified from bacterial cultures. In order to identify the recombinant plasmid of interest each 

purified plasmid DNA was subjected at restriction digest with BamHI and XhoI and then 

analyzed on a 1% agarose gel. Only two recombinant plasmids, lanes 2 and 4, have the correct 

IRES sequence inserted (Fig. 3.6).  

 

 

 

Figure 3.6 Analysis of recombinant plasmids TOPO + IRES 

10Kb DNA ladder (M), lanes 1-13 different recombinant plasmids, lane 2 and lane 4 TOPO + 

IRES (4000 bp + 752 bp), lane 14 IRES PCR product band 752 bp. 1% agarose gel ethidium 

bromide-stained. 
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The TOPO vector carrying the IRES gene and pBEL were digested together with BamHI and 

XhoI restriction enzymes. By cutting the two plasmids with the same restriction enzymes, the 

resulting molecular fragments terminate with complementary sticky ends and in order to 

recombine the fragments into recombinant DNA molecules T4 DNA ligase was used. The 

ligation was then transformed into competent E. coli and plasmid DNA was isolated and purified 

from bacterial cultures and recombinant plasmids analyzed as mentioned above. The same was 

repeated for pBELM. The result of this ligation can be the original TOPO-IRES, the original 

pBEL or pBELM, TOPO-L1 and pBEL-IRES or pBELM-IRES. Only two colonies seemed to 

have the right recombinant pBEL + IRES (Fig. 3.7) and pBELM + IRES (Fig. 3.8). These 2 new 

plasmids have the original pBEL and pBELM sequence with part of the L1 gene (approx. 1000 

bp) replaced by the IRES sequence (752 bp). Lane 4 (Fig. 3.7) below appears to have the correct 

pBEL backbone and insert and lane 6 (Fig. 3.8) the correct pBELM backbone and insert. 

High quality plasmid was generated for each correct recombinant and sequenced to confirm the 

clone, (see appendix I for alignment with poliovirus sequence).  
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Figure 3.7 Analysis of recombinant plasmids pBEL + IRES 

10Kb DNA ladder (M), lanes 1-14 different recombinant plasmids, lane 4 pBEL + IRES (10000 

bp + 752 bp). 1% agarose gel ethidium bromide-stained. 

 

 

 

 

 

Figure 3.8 Analysis of recombinant plasmids pBELM + IRES 

10Kb DNA ladder (M), lanes 1-11 different recombinant plasmids, lane 6 pBELM + IRES 

(10000 bp + 752 bp). 1% agarose gel ethidium bromide-stained. 
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In order to generate an easily detected reporter plasmid, 5 different reporter genes were selected 

to replace the L1 gene: chloramphenicol acetyltransferase (CAT), green fluorescent protein 

(GFP), secreted alkaline phosphatase (SEAP), Luciferase and β-galactosidase (LacZ) (Fig. 3.9).  

 

 

 

 

  
Figure 3.9 Schematic representation of the reporter plasmids 

Chloramphenicol acetyltransferase (CAT), green fluorescent protein (GFP), secreted alkaline 

phosphatase (SEAP), Luciferase and β-galactosidase (LacZ) were chosen as reporter gene to 

clone pBEL-IRES and pBELM-IRES. The polylinker is shown in the diagram. 
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CAT was PCR amplified at 65°C with CATs and CATa primers (Table 2.1 and 2.2) resulting in 

a PCR product of 660 bp (Fig. 3.10). SEAP was PCR amplified at 60.2°C with SEAPs and 

SEAPa primers (Table 2.1 and 2.2) resulting in a PCR product of 1530 bp (Fig. 3.10). LacZ was 

PCR amplified at 59°C with LacZs and LacZa primers (Table 2.1 and 2.2) resulting in a PCR 

product of 3141 bp (Fig. 3.10). Each oligonucleotide used for these PCR amplifications has a 5′ 

restriction site required for the cloning into pBEL-IRES and pBELM-IRES. For example as 

shown in Table 2.1 CATs and CATa primers have MluI and XhoI restriction site, respectively. 

SEAPs primer has at the 5′ end restriction site for MluI restriction enzyme and SEAPa for XhoI.  

LacZ primers both have at each 5′ end restriction site for XhoI. 

 

 

 
 

Figure 3.10 PCR amplification of secreted alkaline phosphatase (SEAP), β-galactosidase 

(LacZ) and chloramphenicol acetyltransferase (CAT) reporter genes 

10Kb DNA ladder (M), lane 1 PCR amplification of SEAP gene (1530 bp) using the 

SEAPs/SEAPa primers. Lane 2 PCR amplification of LacZ gene (3141 bp) using the 

LacZs/LacZa primers. Lane 3 PCR amplification of CAT gene (660 bp) using the CATs/CATa 

primers. 
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The CAT PCR product was first ligated with pCR2.1-TOPO vector (3931 bp) and the 

recombinant vector was transformed into competent E. coli. Several colonies were picked and 

plasmids were isolated and purified from bacterial cultures. In order to identify the recombinant 

plasmid of interest each purified plasmid DNA was digested with MluI and XhoI restriction 

enzyme and then analyzed on a 1% agarose gel stained with ethidium bromide-stained. As 

shown in figure 3.11 all recombinant plasmids, except one (lane 2), resulted in TOPO + CAT 

sequence. 

 

 
 

Figure 3.11 Analysis of recombinant plasmids TOPO + CAT 

10Kb DNA ladder (M), lanes 1-11 different recombinant plasmids TOPO + CAT (4000 bp + 660 

bp). 1% agarose gel ethidium bromide-stained. 
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In order to clone the CAT sequence into pBEL-IRES and pBELM-IRES, the TOPO vector 

carrying the CAT reporter gene and pBEL-IRES and pBELM-IRES plasmids were digested 

separately with MluI and XhoI restriction enzymes and then ligated in 2 different reactions: 

pBEL-IRES and TOPO-CAT one, and pBELM-IRES and TOPO-CAT the other. Ligations were 

then transformed into competent E. coli and plasmid DNA was isolated and purified from 

bacterial cultures and recombinant plasmids analyzed as mentioned above. The result of this 

ligation can be the original TOPO-CAT, the original pBEL-IRES or pBELM-IRES and pBEL-

IRES-CAT or pBELM-IRES-CAT. Only two recombinant plasmids showed to have the CAT 

reporter gene inserted into pBEL-IRES (Fig. 3.12, lane 6) and pBELM-IRES (Fig. 3.13, lane 8). 

The CAT reporter gene is inserted downstream of the IRES sequence resulting in pBEL-IRES-

CAT and pBELM-IRES-CAT that for simplification we will call pBELCAT and pBELMCAT, 

respectively. 

 
 

 
 

Figure 3.12 Analysis of recombinant plasmids pBEL-IRES + CAT 

10Kb DNA ladder (M), lanes 1-14 different recombinant plasmids, lane 6 pBEL-IRES-CAT 

(bands 10000 bp + 660 bp). 1% agarose gel ethidium bromide-stained. 
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Figure 3.13 Analysis of recombinant plasmids pBELM-IRES + CAT 

10Kb DNA ladder (M), lanes 1-11 different recombinant plasmids, lane 8 pBELM-IRES-CAT 

(bands 10000 bp + 660 bp). 1% agarose gel ethidium bromide-stained. 

 

 

The SEAP PCR product was first inserted into pCR2.1-TOPO vector (3931 bp) as mentioned 

above. In order to identify the recombinant plasmid of interest each purified plasmid DNA was 

digested with MluI and XhoI restriction enzymes and then analyzed on a 1% agarose gel. Five 

recombinant plasmids resulted in TOPO + SEAP sequence (Fig. 3.14, lanes 10, 12, 14, 15 and 

17).  

 

 
 

Figure 3.14 Analysis of recombinant plasmids TOPO + SEAP 

1 10Kb DNA ladder (M), lanes 1-17 different recombinant plasmids for TOPO-SEAP, lanes 10, 

12, 14, 15 and 17 positive TOPO + SEAP (4000 bp + 1530 bp). 1% agarose gel ethidium 

bromide-stained. 
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The SEAP sequence was then inserted into pBEL-IRES and pBELM-IRES, by digestion with 

MluI and XhoI restriction enzymes of the TOPO vector carrying SEAP reporter gene and pBEL-

IRES and pBELM-IRES plasmids and ligation. Ligations were then transformed into competent 

E. coli and plasmid DNA was isolated and purified from bacterial cultures and recombinant 

plasmids subjected at restriction. As shown in figure 3.15 many recombinant plasmids showed to 

have the SEAP reporter gene inserted into pBEL-IRES (lanes 1, 2) and pBELM-IRES (lanes 10, 

14, 15, 16, 17 and 18), respectively, resulting in pBELSEAP and pBELMSEAP reporter 

plasmids. 

 

 

 
 

Figure 3.15 Analysis of recombinant plasmids pBEL-IRES + SEAP and pBELM-IRES + 

SEAP 

10Kb DNA ladder (M), lanes 1-9 different recombinant plasmids for pBEL-IRES-SEAP, lanes 

10-18 different recombinant plasmids for pBELM-IRES-SEAP (10000 bp + 1530 bp). 1% 

agarose gel ethidium bromide-stained. 
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In order to generate the GFP reporter plasmid a pUC57-tat-LTR-GFP plasmid has been 

generated with restriction sites MluI and XhoI in the GFP gene. The CAT reporter gene from 

pBELMCAT was replaced with the GFP reporter gene by digestion with MluI and XhoI of 

pBELMCAT and pUC57-tat-LTR-GFP and religation. The result of this ligation can be the 

original pUC57-tat-LTR-GFP, pBELM-IRES, pBELMCAT or pBELM-IRES-GFP. As shown in 

figure 3.16 two recombinant plasmids resulted to be pBELM-IRES-GFP (lane 12 and 13) that 

from now on will be called pBELMGFP. We reasoned that GFP levels produced from the pBEL-

backbone would be too low to detect, and therefore constructed only pBELMGFP. 

 

 

 

 

 

Figure 3.16 Analysis of recombinant plasmids pBELM-IRES + GFP 

10Kb DNA ladder (M), lanes 1-14 different recombinant plasmids, lane 12 and lane 13 pBELM-

IRES + GFP (10000 bp + 650 bp). 1% agarose gel ethidium bromide-stained. 

 

 

 

The LacZ reporter gene was inserted into TOPO vector as shown in figure 3.17 (lanes 1, 4, 5 and 

10). Cloning into pBEL and pBELM was unsuccessful, probably due to the considerable size of 

the reporter gene itself (3141bp) and the plasmid which is approximately 10Kb.  
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Figure 3.17 Analysis of recombinant plasmids TOPO + LacZ 

10Kb DNA ladder (M), lanes 1-11 different recombinant plasmids for TOPO-LacZ, lanes 1, 4, 5 

and 10 positive TOPO + LacZ (4000 bp + 3141 bp). 1% agarose gel ethidium bromide-stained. 

 

 

 

 
3.2 Determination of CAT expression in pBELCAT and pBELMCAT 

The pBELCAT and pBELMCAT reporters were chosen as the first constructs to analyse. These 

were transfected into HeLa cells in culture to examine if they behave in a similar manner to the 

L1 gene in previous transfections with pBEL and pBELM (Fig. 3.18). 

pBELCAT and pBELMCAT (Fig. 3.19) were transfected into Hela cells and CAT expression 

was monitored 24 hours posttransfection. Similar to previously Northen blot analysis, pBELCAT 

produced barely detectable levels of CAT (0.13 CAT units), whereas pBELMCAT showed 

higher CAT expression (29 CAT units) as expected, and produced over 200-fold more CAT than 

pBELCAT (Fig. 3.20). However, these levels were relatively low compared to CAT expression 

from the positive control plasmid CMVCAT, which produced 10,600 CAT units (Fig. 3.20). 

These results demonstrated that only a minority of the mRNAs produced by pBELCAT and 

pBELMCAT were late mRNAs, suggesting that late gene expression was relatively inefficient 

from both plasmids. These results demonstrate that the reporter plasmids are functional and 



 118 

express CAT protein. Multiple nucleotide substitutions in the first 514 nucleotides of L1 

enhanced CAT expression as a result of the inactivation of splicing silencers as previously 

described (Zhao et al., 2004). These results also indicate that the pBELCAT and pBELMCAT 

reporters can be used in future studies to examine proteins that regulate L1 gene expression. 

 

 

 

 
 

Figure 3.18 Northen blot analysis on pBEL and pBELM 

pBEL and pBELM in previous transfections produced high levels of the early mRNAs, primarily 

E4 mRNA, whereas late mRNAs are undetectable. pBELM showed to produce late mRNAs 

without interfering on the production of the E4 mRNAs. (Zhao et al., 2004). 
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Figure 3.19 Schematic representation of the subgenomic HPV-16 expression plasmids, 

pBELCAT and pBELMCAT, and the major potential mRNAs that can be produced 

The position of the human cytomegalovirus immediate early (CMV) promoter is shown. 

Numbers refer to nucleotide positions of 5’ splice sites (black circles), 3’ splice sites (white 

circles). The early and late polyadenylation signals pAE and pAL are indicated. Major potential 

mRNAs produced by pBELCAT and pBELMCAT are indicated below plasmids. 
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Figure 3.20 Determination of CAT levels in transient transfection 

Transfection of pBELCAT, pBELMCAT and CMVCAT expression plasmids into HeLa cells. 

Logarithmic scale. Cells were transfected with each plasmid in a minimum of three independent 

experiments. Error bars indicate standard error for each sample.  
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3.3 Adenovirus E4orf4, polypyrimidine tract binding protein, ASF/SF2 and 

SRp30c induce CAT expression from pBELCAT and pBELMCAT reporter 

plasmids 

HPV-16 late gene expression is regulated at the level of RNA processing (Graham, 2008; 

Schwartz, 2008; Zheng & Baker, 2006). Overexpression of some viral and cellular proteins, e. g. 

adenovirus E4orf4 protein (E4orf4), polypyrimidine tract binding protein (PTB), alternative 

splicing factor/splicing factor 2 (ASF/SF2) and arginine/serine-rich SRp30c protein (SRp30c), 

have been shown previously to induce HPV-16 late gene expression from pBEL and pBELM 

(Somberg et al., 2011; Somberg & Schwartz, 2010; Somberg et al., 2009; Somberg et al., 2008). 

In order to validate the functionality of the novel reporter plasmids pBELCAT and pBELMCAT, 

each reporter plasmid was cotransfected with E4orf4, PTB, SRp30c and ASF/SF2 into HeLa 

cells. Overexpression of E4orf4, PTB, ASF/SF2 or SRp30c caused an increase in CAT 

expression from both pBELCAT and pBELMCAT (Fig. 3.21). E4orf4, which regulates the 

switch from early to late gene expression in the adenovirus life cycle (Akusjärvi & Stevenin, 

2003), efficiently induced CAT production from both plasmids but in particular from pBELCAT, 

resulting in a 300 fold induction (Fig. 3.21). A titration of the E4orf4-, PTB-, SRp30c or 

ASF/SF2-plasmids sub-genomic HPV-16 expression plasmid in pBELMCAT, revealed that 

induction of CAT was dose-dependent (Fig. 3.22). While CAT induction caused by PTB and 

SRp30c was increased with higher levels of PTB or SRp30c plasmid, the highest concentrations 

of E4orf4 and ASF/SF2 plasmids inhibited CAT production, suggesting other effects on the cells 

(Fig. 3.22). We concluded that E4orf4, PTB SRp30c and ASF/SF2 induced CAT expression 

from pBELCAT and pBELMCAT in a dose dependent manner and that the reporter plasmids 

respond to known inducers of late gene expression in a manner similar to the native L1 gene. 

http://jvi.asm.org/search?author1=Stefan+Schwartz&sortspec=date&submit=Submit
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Figure 3.21 Cotransfection of CAT reporter plasmids with E4orf4, PTB, SRp30c or 

ASF/SF2 expression vector 

pBELCAT or pBELMCAT were transfected into HeLa cells in the presence and absence of 

cotransfected expression vectors. Cells were transfected with each plasmid in a minimum of 

three independent experiments. Error bars indicate standard error for each sample. * indicates 

significance in relation to pBELCAT or pBELMCAT cotransfected with the empty vector 

(pUC19) (p<0.05). 

 

 
Figure 3.22 Titration of E4orf4, PTB, SRp30c or ASF/SF2 expression vector in 

pBELMCAT reporter plasmid 

A titration up to 1µg of E4orf4, PTB, SRp30c or ASF/SF2 was carried out in pBELMCAT. 

pUC19 plasmid was used as an empty vector to equalize the concentration in each single 

transfection. 
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3.4 Determination of GFP levels in pBELMGFP 

Green fluorescent protein (GFP) is a reporter gene widely used as a tool to study gene 

expression. It is a reliable reporter of gene expression in individual eukaryotic cells and its 

fluorescence can be measured and quantified from living cells.  

pBELMGFP (Fig. 3.23) and a CMV driven GFP expression plasmid (CMVGFP) were 

transfected into HeLa cells. Analysis of the cells post-transfection revealed that pBELMGFP 

produced low detectable levels of GFP (Fig. 3.24). Quantification of GFP expression in a 

number of different GFP positive cells revealed that GFP levels produced from pBELMGFP 

were approximately 200-fold lower than those produced by CMVGFP (Fig. 3.25).   

 

 
 

Figure 3.23 Schematic representation of subgenomic expression plasmid pBELMGFP 

The position of the human cytomegalovirus immediate early (CMV) promoter is shown. 

Numbers refer to nucleotide positions of 5’ splice sites (black circles), 3’ splice sites (white 

circles). The early and late polyadenylation signals pAE and pAL are indicated.  
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Figure 3.24 Examination of GFP expression after 24 hours posttransfection 

HeLa cells were transfected with (A) CMVGFP plasmid as a control, (B) pBELMGFP reporter 

plasmid and (C) pBELMGFP + E4orf4 (D) pBELMGFP + PTB (E) pBELMGFP + SRp30c (F) 

control HeLa cells. Untransfected cells are shown as a comparison. 
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Figure 3.25 Determination of GFP levels in transient transfection 

Transfection of CMVGFP and pBELMGFP expression plasmids into HeLa cells. GFP 

fluorescence intensities were detected with a fluorescence microscope from the living cells. GFP 

fluorescence intensities were detected and quantitated in 10 randomly chosen cells as described 

in material and methods. Cells were transfected with each plasmid in a minimum of three 

independent experiments. Logarithmic scale. Error bars indicate standard error for each sample.  

 

 

Cotransfection with E4orf4 showed a small but significant induction compared to the other 

cotransfected expression vectors and to the experiments with pBELCAT and pBELMCAT (Fig. 

3.26). However, cotransfection of pBELMGFP with a PTB and SRp30c expression plasmids 

resulted in induction of GFP expression (Fig. 3.24 and 3.26). PTB and SRp30c increased the 

levels of GFP of almost 6- and 30- fold, respectively (Fig. 3.26 B). 

Taken together these results showed that pBELMGFP reporter plasmid is functional and its 

expression is fast and easily detectable when transfected into proliferating cells.  
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Figure 3.26 Determination of GFP levels in pBELMGFP transient transfection 

(A) GFP intensities in transfection of pBELMGFP reporter plasmid into HeLa cells in the 

absence or presence of cotransfected expression vectors. (B) Induction of GFP expression by 

E4orf4, PTB and SRp30c in pBELMGFP. GFP fluorescence intensities were detected and 

quantitated in 10 randomly chosen cells as described in material and methods. Cells were 

transfected with each plasmid in a minimum of three independent experiments. Error bars 

indicate standard error for each sample. * indicates significance in relation to pBELMGFP alone 

(p<0.05). 
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In order to detect higher levels of GFP expression HeLa cells were transfected with plasmids 

pBELMGFP and E4orf4, PTB or SRp30c and cells were analyzed 48 hours posttransfection. Still 

low GFP expression was detected from cells transfected with pBELMGFP. A moderate increase 

of GFP levels was observed in cells transfected with pBELMGFP and PTB or SRp30c as seen in 

previous experiment (Fig. 3.27). 

 

 

 

Figure 3.27 Examination of GFP expression after 48 hours posttransfection  

HeLa cells were transfected with (A) pBELMGFP reporter plasmid and (B) pBELMGFP + 

E4orf4 (C) pBELMGFP + PTB (D) pBELMGFP + SRp30c. 
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