Influenza A virus is among select few viruses
Influenza A virus is a major killer taking 500,000 lives globally per year. Influenza A virus is among select few viruses which transcribe their genome within the nucleus of the host. In order for the Influenza A virus to infect the host, it must transport its mRNA from the nucleus to the cytoplasm. Due to majority of influenza A virus mRNA being intronless it doesn’t follow the same mechanism of mRNA transport as the human host. The mechanism by which intronless influenza A mRNA is transported are unclear. Understanding these mechanism can lead to potential vaccine targets being identified.

It is known that some of the influenza mRNA is not intronless. NS1 is one example of influenza mRNA that isn’t intronless. It has been shown that NS1 can inhibit the export of host mRNA either by binding to CPSF and PABII or by forming a complex with host mRNA export factors TAP and p15. P15 is a co factor of NFX1 and by forming a complex with this it could be possible that NS1 can interact with NFX1 and by being able to do this export intronless influenza mRNA. The aim of this study was to look at whether the NS1 protein of influenza A co-localises with the cellular mRNA export factor Aly.

The transfection efficiency of the 293T cells was very low. Total of 60 cells were mounted with DAPI mounting media and out of these 60 cells a single cell was seen to have been transfected (Figure2). This gives a transfection efficiency of 1.6 % which is low. There are many reasons for transfection efficiency being so low. Several different factors play a role in determining the transfect efficiency of mammalian cells. These factors include the method used for transfection, the size of the plasmid used, and the condition of the cells being transfected and how pure the DNA is.

In this investigation transfection were performed using Lipofectamine 2000. The ratio of DNA (ug) to transfection reagent (ul) was 1:5. This ratio may not be the optimal one for the transfection of 293T cell mine. What could be done is to vary this ratio and see whether transfection efficiency improves or not. The optimal ratio for majority of cell lines is lies between 1:2 to 1:3, so first of all this ratio can be test and the transfection efficiency can be looked at, if this still doesn’t improve the transfection efficiency, then further optimisation should be tried and ratio ranging from 1:0.5 to1:1.5.

The density of cells used while transfecting with Lipofectamine 2000 was 70%, in order to achieve higher transfection efficiency, the density of cells can be optimised and cells with density of 80 % and 90 % can be used and the transfection efficiency can be compared. It is believed that higher density cells give better transfection efficiency. However if the desired density is to be 70% or less, then a different reagent called Optifect Transfection Reagent can be tested.

While transfection was performed, the complexes of DNA and Lipofectamine 2000 were added to medium which was serum free. What could be done is to use serum containing medium while performing transfection. By using serum containing medium, it makes the cells more viable and when cells are more viable then transfection efficiency is usually better. It has been shown that transfection in serum containing medium is 5% better than transfection in serum free medium.

The complexes were incubated for 20 minutes prior to addition to the wells. To achieve best transfection efficiency, incubation period should be between 20-30 minutes. As in this the complexes were only incubated for 20 minutes, the incubation period can be varied between 20-30 minutes and see if this has any impact on the transfection efficiency. Another reason for the low transfection efficiency could possibly be that when the DNA and Lipofectamine 2000 complexes are added to the medium, the well plates were not mixed properly. As the complexes were not mixed the DNA and Lipofectamine 2000 complexes were concentrated and this could have contributed to the low transfection efficiency. In future when transfection is performed then the well plates should be mixed thoroughly so that the complexes don’t become concentrated.

If the tweaking of transfection with Lipofectamine 2000 still doesn’t improve the transfection efficiency, then different methods of transfection can be used and the transfection efficiency of each method can be compared with the method giving the highest efficiency to be used. One such method is the transfection of the 293T cells with calcium phosphate. This method has been described (1) and has shown to produce transfection efficiency in the range of 50-80% which is pretty when compared to the transfection efficiency achieved in this investigation. This method is time consuming but does provide high transfection efficiency. Other than using a different method, a different set of reagents can also be used. Duran Ustek has shown efficient transfection of the 293T cell line using FuGene HD transfection reagent achieving transfection efficiency of 85% plus, which again is much higher than what was achieved in this investigation.

The condition of the cells which were used is very important. It is vital that the cells used are not passaged more than necessary and are split every few days. It is also important the cells are not allowed to overgrow as this can lead to contact inhibition.

The size of the plasmid also influences the transfection efficiency. Transfection with a larger plasmid will have lower transfection because small number of molecules will be inserted into the cell whereas transfection with smaller plasmids will result in more plasmid molecules inserted into cells. If there are more plasmid molecules then there is greater chance of a cell becoming transfected. What can be done is that a range of plasmid sizes can be tested and the transfection efficiency can be compared. The purity of the DNA used is also important and if given the opportunity, experiments should be conducted with purified and non-purified DNA and compare the transfection achieved by both methods.

Aly is an mRNA export factor which along with UAP56 interacts with THO to form the transcription export complex (TREX). The formation of the TREX acts as a single which finalises processing of the human mRNA. The mRNA can now be exported from the nucleus to the cytoplasm for so it can be translated into protein. UAP56 along with Aly are both recruited to the mRNA, it is believed that UAP56 plays a role in this recruitment to the mRNA. The way UAP56 does this is that it acts as bridge between Aly and THO proteins with the TREX complex, this is followed by the recruitment of TREX to 5’ end of mRNA. Aly then interacts with TAP which leads to transfer of mRNA from Aly to TAP and the export of mRNA to the nucleus. However the problem with Influenza A mRNA is that it doesn’t go through the processing which human mRNA goes through, so how does its mRNA get recruited to Aly and move from the nucleus to the cytoplasm. In this investigation experiments were conducted to see if NS1co localises with Aly. NS1 is in the minority of Influenza A mRNA that have introns.

Looking at figure 3, a speckled staining pattern can be observed for Aly but this pattern was not in line with previous recording of Aly. Speckles were seen in the cytoplasm instead of the nucleus. The speckles were observed in the cytoplasm; therefore initially it was believed that they may have been a problem with the fixation of the cells. It was believed that the cells were not permeabilised properly by Triton-X 100. For this reason an alternative method of fixing cells was tried. The method used was methanol fixation. However even with this method (Figure3), same speckled staining was seen again. This suggested that the problem may not lie with fixation method but more with the antibody that was used.

As no staining was seen inside the nucleus, this could mean it may have been difficult for the antibody to get into the nucleus. One possible reason for this happening could be that there weren’t enough antibodies present in the cell to reach the nucleus. The antibody was used at 1:100 dilutions so if more time was given then antibody at different dilutions can be tested. The dilutions which could be tested are 1:75, 1:50 and 1:25. If these are still not giving the correct speckling pattern, antibody dilutions can be further concentrated.

The availability of epitope can also explain for this odd staining. When the Aly antibody was generated, the antigen which was used to generate this antibody may only be several amino acids long. This short sequence may be well hidden within the original protein structure making it difficult to gain direct access to this sequence, so when it comes to using the antibody, the antibody cannot get to the short sequence against which it was raised and thus no staining can occur. In this instance, the short sequence may be hidden within the nucleus making it difficult for the antibody to reach it and therefore no staining taking place. One possible other solution to overcome this problem could be to use a range of different Aly antibodies.

Due to the odd staining it was decided to conduct experiments looking at the other component of the TREX complex UAP56. It was decided to see whether UAP56 co localises with NS1. As both UAP56 and Aly are found in the same location so in theory a similar pattern of localisation should be seen. Looking at Figure 4, a speckled staining pattern can be observed and this time the staining is inside the nucleus, the area where it was expected. This shows that NS1 co localise with UAP56. What should be done now is first to carry further experiments to confirm that NS1 does indeed co localise with UAP56, once that has been confirmed, then experiments looking whether a physical interaction between NS1 and UAP56 exists. If it can be proven that NS1 and UAP56 do share a physical relationship, this would prove to be a major breakthrough in the fight against Influenza A, because this would provide a potential target for antiviral drugs. A special drug can be manufactured which will specifically target the relationship between NS1and UAP56 and nothing else. By inhibiting this relationship, the transfer of Influenza A mRNA from the nucleus to the cytoplasm can be stopped. If the mRNA cannot get to the cytoplasm, it cannot be translated to viral proteins, if viral proteins cannot be made, then no infection can occur.

Recent studies have shown that an important factor in mRNA export is TAP and the transfer of mRNA onto the TAP is a must if mRNA export is to occur. By inhibiting the relationship of NS1 and UAP56, it could be possible to prevent mRNA getting recruited onto TAP and be exported out of the nucleus to the cytoplasm. This can happen because UAP56 acts as the bridge between THO proteins and Aly aiding the recruitment of Aly to the mRNA. Once Aly has been recruited to the mRNA it interacts with TAP transferring the mRNA for export. However if the relationship between NS1 and UAP56 is broken, Aly cannot be recruited to the Influenza A mRNA. If Influenza A mRNA cannot get to Aly this way, it can’t get to it in the normal way as Influenza A mRNA in majority is intronless. If Aly cannot be recruited to the mRNA, then the mRNA cannot be handed over to TAP and no mRNA export can take place. As no export of Influenza A mRNA is taking place, then no Influenza A proteins are made, therefore no infection will occur.

While doing experiments with Aly and UAP56, experiments were done with myc as well; however in both cases nothing was seen. Initially after the first round of experiments it was decided that there is problem with the antibody so for second round of experiments a myc antibody from a different species used. First the myc antibody from mouse was used but nothing was seen and second time round the myc antibody from rabbit was used but again nothing was seen.

The myc antibody didn’t stain both NS1-myc and UAP56-myc, the problem could have been with the plasmids, and however it is known that the problem is with the antibody and not the plasmids. This is known because UAP56-myc was detected through western blotting (Dhara Pate and Rajvinder Kaur, personal communication). This detection shows that the plasmid is not faulty.

Not seeing any staining of NS1-myc with myc could possible mean that there may be something with the pNS1-myc and for this reason not enough NS1 protein may have expressed. To overcome this problem what could be done in future studies is to clone NS1 and use a native protein to detect rather than cloning with myc and using myc antibody to detect NS1. Another reason could be again the availability of the epitope against which the antibody was raised.

Apart from the specific problems discussed, there were some general problems which were faced during the investigation. Cells were grown on glass cover slips placed in 35 mm dishes. All fixation and staining of cells also took place on these cover slips. Once this was done, these cover slips were transferred from the 35 mm dishes to micro slides. However while this was being done, at times the cover slips were dropped onto the bench, as these cover slips were transparent, it was difficult to tell which side of the cover slip the experiments had been done on.

While the cells were blocked and stained with antibodies, they required long periods of incubation. The incubator used for this was in a different lab from the one where the experiments were done. So while the cells were transferred from the working lab to the incubation lab, they were knocked about so at times the antibody was removed from the cover slips and this may explain in some instances why there was no staining observed. Another problem was the microscope use, it was of poor quality so the pictures take were of poor quality.

Given that there had been more time available then for each experiment done, a lot more controls will be used. A control will be used after each step to confirm that this step was successful before moving on. A control will be used when transfecting to make that cells have been transfected, by doing this it would be known cells have been transfected rather than wasting time on cells which have not been transfected. A control will also be used with the fixation to confirm that cells have fixed and finally a control will be used to check if staining has been successful. By doing these controls not only will time be saved but also money can be saved rather than wasting antibodies.

Based on the experiment conducted, it can be proposed that NS1 co localises with the mRNA export factor UAP56. However further studies are required to see if a physical relationship exist between NS1 and UAP56, also see what will happen is this relationship broken.

