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The effect of duplication of the variable region stem loops on sfRNA virulence in the dengue virus
I. Introduction
	The dengue virus has found an ingenious way to survive amidst its diminishing host population and habitat reduction: evolving to prefer humans over animals as their natural host1. Incidentally, outbreaks of dengue are becoming more and more common with over 2.3 million cases of dengue being reported last year in the Americas alone2. Symptoms of dengue can vary from high fever to shock syndrome, but while it can’t be spread from person to person, the dengue virus is primarily transmitted through mosquitoes3. 
	There are four serotypes of dengue virus, each distinguished by the antigens expressed on its surface, DEN-1, DEN-2, DEN-3, and DEN-4; recovery from the infection of one serotype grants immunity to that specific strain, but unfortunately, not to the other serotype3. The transmission of the dengue virus is controlled by the feeding preferences of mosquitoes; the organisms that mosquitoes feed on are the same organisms the dengue virus has access to and can potentially infect. Originally, mosquitoes primarily fed on mammals and thus, the transmission cycle of the dengue virus was between mosquitoes and wild animals1. But as more humans inhabit the natural habitats of mosquitoes and reduce the wildlife populations, mosquitoes have begun to be anthropophilic: they prefer to feed on humans4. As a result, the dengue virus was transmitted to humans and eventually, the dengue virus switched their hosts to humans1. 
[image: ]	Before the dengue virus can infect humans, it needs to successfully infect and survive in mosquitoes first. Mutations in the dengue genome can allow for the virus to defend against the immune systems of both species5. The dengue genome consists of an open reading frame with a 5’ and 3’ untranslated region (Figure 1)6. The untranslated regions (UTR) contain specialized structures that are necessary for viral replication6. The 3’UTR is divided into three domains, all of which contain hair pin structures or stem loops that can enhance viral processes7. Mutations in the sequences of the 3’UTR structures can allow a dengue virus to successfully infect a host8 such as a mosquito. However, these mutations are often species-specific, or are only advantageous in a specific host; as a result, when the dengue virus is transmitted to a different host, it cannot survive9.[bookmark: _GoBack]Figure 1: Depiction of the dengue genome with labeled 3’untranslated region (UTR) domains; ORF stands for open reading frame. Domain I consists of the variable region that can have one or two hair pin loops, Domain II consists of two dumb bell structures, and Domain III consists of a 3’stem loop. 

[image: ]	In order to counter-act the effects of a species-specific mutation, dengue viruses can have duplications of the stem loops of the 3’UTR, specifically, a duplication of the stem loops of the variable region (Figure 2)8. Viruses that have two hosts usually have two stem loops while viruses that only have one host will have one stem loop9. 
	The sequences of duplicated stem loops are similar giving them the same functions in humans, however, in mosquitoes, each stem loop has a specific function8. The duplication of the stem loops allows the dengue virus to adapt to the human environment despite having mutations that are adapted to mosquitoes because the second stem loop mutes the effect of those mutations8. This doesn’t work, however, the other way around: the second stem loop does not mute mutations that favor humans for a dengue virus present in mosquitoes8. Figure 2: Duplication of the hair pin or the stem loop structure of the variable region of the 3’UTR. 

[image: ]	Stem loops are also important because they can form small RNA molecules that are called subgenomic flavivirus RNA, or sfRNA8. These RNA molecules are created when a host exoribonuclease (XRN1) a protein that degrades RNA, fails to fully degrade the dengue virus genome. XRN1 stalls at the stem loop and cleaves the remaining RNA which will form sfRNA (Figure 3)10. 
	sfRNA can inhibit interferons, antiviral signaling proteins that are a part of the host’s immune response that detect viruses and can reduce viral replication11, 12. Inhibition of such proteins can increases the virulence of the virus13, 14.Figure 3: Creation of sfRNA. XRN1 cannot fully degrade the dengue virus genome because it stalls at the stem loop of the 3’UTR. The remaining RNA forms subgenomic flavivirus RNA (sfRNA). Adapted from Figure 1 of Source 10.

	Chapman et al (2014) tested to see if a viable or stable sfRNA could be produced if it was cleaved at a different stem loop or at any of the other structures of the 3’UTR10. To do so, they tested the resistance of each structure to XRN1; if a stem loop wasn’t resistant, then the XRN1 would be able to completely degrade the viral genome. They used a fluorescence-based assay in which they attached a fluorescent hair pin loop at the end of the 3’UTR to show XRN1 resistance (Figure 4). If XRN1 couldn’t fully degrade the RNA, the hair pin would remain and show fluorescence. If the RNA was degraded, then there would be no fluorescence. Chapman et al found that sfRNA that either started with the first stem loop or the second stem loop were both stable and XRN1 resistant. They suggested that having two stem loops might be a “back-up” plan for the dengue virus to ensure that sfRNA will be produced10.
	The duplication of stem loops allows for the dengue virus to cycle between two hosts8 and Chapman’s et al research shows that sfRNA can be produced using either stem loop10. But, does the virulence of sfRNA change if a mosquito-adapted dengue viral genome were placed in human cells? For a dengue to be adapted to mosquitoes, its stem loops will have mutations that support replication in mosquitoes. A duplication of the stem loop would allow for it to infect human cells successfully because the presence of a second stem loop mutes the effects of the mutated first stem loop. But, how would the duplication affect the production of sfRNA in human cells? Would sfRNA with only one stem loop have no effect in human cells? 
II. Experiment
	The purpose of this experiment is to examine the effect the duplication of stem loops has on the virulence of sfRNA of a dengue virus that has switched from a mosquito to a human. Since the dengue virus started in mosquitoes, the virus should have mutations that aids in its infection and replication in mosquito cells. Duplication of stem loops does provide an advantage over strains with only one stem loop, but the sequences of the stem loops or the duplication of stem loops should not have an effect on the production of sfRNA. They might, however, have an effect on the virulence of sfRNA.
A. Generation of sfRNA
	The Jamaica/N.1409 strain of DEN-2 will be used to infect Aedes albopictus C6/36 mosquito cells. The viral populations will then be serially passaged in the same cell line for 10 passages; this will allow for strains to develop mutations that enhance its survival in mosquito cells. After 10 passages, the RNA in passage 10 will be extracted from C6/36 cells. The 5’ end will be ligated by an RNA ligase and be used as template for reverse transcription using the primer AVG42 (GCTGTTTTTTGTTTCGGG)15. The resulting cDNA molecules will be replicated with PCR using a different set of primers; the DNA will then be gel purified and sequenced using the Sanger method, in which a specific dye is used to label each nucleotide of the DNA15. The main concern of this experiment will be the 3’UTR, so the sequence of the mapped genome will be used to construct sfRNAs. 
B. Test for resistance
	Two sfRNAs will be designed, both of which will resemble the genomes of mosquito-adapted dengue viruses. One sfRNA will have one stem loop, stem loop II, while the second sfRNA will have two stem loops: stem loop I and II. To test for its viability or exoribonuclease resistance, an XRN1 resistance assay will be done. Each sfRNA will have a 40 nucleotide long malachite green fluorescent aptamer downstream the RNA and a [image: ]leader sequence upstream the RNA (Figure 4)10. The sfRNA will be replicated using PCR and the sfRNA will be placed in solution with malachite green dye and rppH (an enzyme that removes phosphate from mRNA and triggers its degradation)16 and XRN1 will be added10. Figure 4: XRN1 resistance assay. If sfRNA shows resistance, fluorescence will be maintained. If resistance is not shown (bottom), the sfRNA will be degraded and fluorescence lost. Adapted from Fig 6C from Source 10

	If the solution is not fluorescent after the XRN1 has been added, then the sfRNA and the MG aptamer has been degraded; in other words, the sfRNA was not XRN1 resistant and was not a viable sfRNA. If, however, fluorescence is maintained, then the sfRNA is resistant to XRN1. If both of the created sfRNA are shown to be viable, then the sfRNA will be treated for virulence. If not, it means that both sfRNA will be degraded in human cells and therefore, will not be virulent.
C. Test for virulence
	Type I interferons are responsible for the antiviral response and are often induced by viruses12. sfRNA inactivates these proteins and thereby, inhibits the expression of interferon genes11. To test for virulence, the two designed sfRNA will be assessed to see if they can bind to interferons and causes a decrease in IFN-β, a cytokine produced by interferons. 
	sfRNA will be transfected into human dendritic cells. IFN-β levels in the serum will be calculated using ELISA, an enzyme-linked immunosorbent assay that can detect the presence of antibodies, peptides, or proteins15.  If IFN-β levels are high, this means that the sfRNA could not successfully inhibit interferons but if the IFN-β are low, then the sfRNA were successful. 
III. Discussion
	If the experiment goes as expected, then the sfRNA with two stem loops will be XRN1 resistant and will show low IFN-β levels in the serum since this sfRNA has the advantage of the second stem loop, which mutes the effects of the mosquito-adapted mutations. The sfRNA with one stem loop, on the other hand, will also be XRN1 resistant, but will show high IFN-β levels. In this case, the mosquito-adapted mutations will prove to be detrimental and prevent successful inhibition. However, there is a chance that the sfRNA with one stem loop might also show low IFN-β levels. This would mean that the duplication of stem loops has no effect on sfRNA virulence. Additionally, there is the possibility that no sfRNA decreases IFN-β levels suggesting that either the sfRNA produced were not fit for human environments (the sfRNA were degraded by the interferons) or that perhaps these sfRNA were not responsible for inhibiting the interferons present in the dendritic cells.
	It would be of interest to see the effects of sfRNA when transferred from humans to mosquitoes. Both stem loops serve a purpose in mosquitoes8, so deleting one loop would certainly have an effect on viral replication or inhibition of the interferon response. Additionally, since the host exoribonuclease XRN1 is responsible for generating sfRNA, a next step would be to find a way to enhance XRN1 to be able to fully degrade the dengue virus genome, thereby reducing viral replication18. Also, if one-stem loop sfRNA shows a high level of IFN-β, then it would also be of interest to find a molecule that could degrade or cleave off one of the loops of the sfRNA, thereby diminishing the function of the molecule.
	Dengue is not a problem limited to the tropics because for over the past fifty years, the virus has spread to countries which never had incidences of the disease before19. And as the human population continue to increase, the dengue virus and many other related viruses will fully adapt to humans. As of now, there isn’t fully developed and viable vaccine for the dengue virus; dengue can only be prevented through the means of insecticides and mosquito traps3. A treatment for dengue would reduce the number of outbreaks or potentially cure those diagnosed with dengue.
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