
University at Albany, State University of New York
Scholars Archive

Biological Sciences Honors College

Fall 12-2018

The Effect of the Zika Virus on RNA Stress
Granule Components
Nina Williams
University at Albany, State University of New York, nwilliams2@albany.edu

Follow this and additional works at: https://scholarsarchive.library.albany.edu/
honorscollege_biology

Part of the Biology Commons

This Honors Thesis is brought to you for free and open access by the Honors College at Scholars Archive. It has been accepted for inclusion in
Biological Sciences by an authorized administrator of Scholars Archive. For more information, please contact scholarsarchive@albany.edu.

Recommended Citation
Williams, Nina, "The Effect of the Zika Virus on RNA Stress Granule Components" (2018). Biological Sciences. 56.
https://scholarsarchive.library.albany.edu/honorscollege_biology/56

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University at Albany, State University of New York (SUNY): Scholars Archive

https://core.ac.uk/display/230544377?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://scholarsarchive.library.albany.edu?utm_source=scholarsarchive.library.albany.edu%2Fhonorscollege_biology%2F56&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.library.albany.edu/honorscollege_biology?utm_source=scholarsarchive.library.albany.edu%2Fhonorscollege_biology%2F56&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.library.albany.edu/honorscollege?utm_source=scholarsarchive.library.albany.edu%2Fhonorscollege_biology%2F56&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.library.albany.edu/honorscollege_biology?utm_source=scholarsarchive.library.albany.edu%2Fhonorscollege_biology%2F56&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.library.albany.edu/honorscollege_biology?utm_source=scholarsarchive.library.albany.edu%2Fhonorscollege_biology%2F56&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=scholarsarchive.library.albany.edu%2Fhonorscollege_biology%2F56&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.library.albany.edu/honorscollege_biology/56?utm_source=scholarsarchive.library.albany.edu%2Fhonorscollege_biology%2F56&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsarchive@albany.edu


The Effect of the Zika Virus on RNA Stress Granule 

Components 
 

 

 

 

 

 

 

 

 

 
An honors thesis presented to the Department of Biological Sciences, 

University at Albany, State University of New York 

in partial fulfillment of the requirements 

for graduation with Honors in Biological Sciences 

and 

graduation from The Honors College 

 

 

 

 

 

 

Nina M. Williams 

Research Mentor: Gaston Bonenfant 

Research Advisor: Cara Pager, Ph.D. 

Second Reader: Gabriele Fuchs, Ph.D. 

December 2018 



 1 

Abstract:  

In recent years, Zika virus (ZIKV) has taken over mainstream media. It captivated the 

world with the images of microcephaly babies born to infected mothers and the appearance of 

Guillain-Barré syndrome emerging from infected adults. ZIKV is transmitted by the Aedes 

mosquito. This virus is composed of a single-stranded positive-sense RNA genome that belongs 

to the Flaviviridae family. Our long-term goal is to understand the mechanisms in which the 

virus subverts the host organism’s translation machinery by  modulation of RNA stress granules 

(SGs). Stress granules are RNA-protein complexes found in the cytoplasm that form when the 

cell is exposed to a stressor such as an infection from a virus. Our initial research showed that 

ZIKV suppresses the formation of these granules. Thus the goal of this research was to 

investigate the role of various stress granule proteins on ZIKV infection. In particular, we 

focused on TIA-1, G3BP1, HuR and TIAR. Knockdown of the SG proteins with target-specific 

siRNAs and subsequent infection with ZIKV showed that depletion of G3BP1 decreased viral 

protein, RNA and viral titers suggesting this SG protein acts in a pro-viral manner, whereas 

depletion of HuR increased viral protein, RNA and viral titers present suggesting HuR was 

acting anti-viral. Luciferase assays following knockdown and overexpression of G3BP1 and 

HuR showed that these proteins affected ZIKV replication. These studies advance our 

understanding the role and interactions of RNA stress granules with ZIKV. 
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Introduction:  

Zika virus (ZIKV) is a single-stranded positive-sense RNA virus and is a member of the 

Flavivirdae family. Similar to other viruses in the Flaviviridae family such as West Nile virus 

and Dengue virus, ZIKV is also an arbovirus. ZIKV may be transmitted following the bite of an 

infected Aedes aegypti or Aedes albopictus mosquito. The transmission of ZIKV by Aedes 

mosquitoes predominantly occurs in tropical and subtropical areas, the preferred environment of 

these mosquitoes, but it has been documented in cases as far north as New York from travelers 

that were outside of the country [4]. In contrast to other flaviviruses, ZIKV may also be sexually 

transmitted as well as passed from mother-to-child in utero [5].  ZIKV infection is usually 

asymptomatic although some individuals may experience mild flu-like symptoms such as fever, 

headache, malaise, or rash which can last for several days and up to a week [4]. However, more 

serious symptoms such as the development of Guillain-Barré syndrome in adults are also 

associated with this virus. In Guillain-Barré syndrome, the body’s immune system attacks 

peripheral nerves causing weakness, numbness and in extreme cases paralysis [13]. Other 

devastating effects of ZIKV include microcephaly that develops in babies born to infected 

mothers. Microcephaly is a congenital defect that occurs during the first trimester of the 

pregnancy where babies are born with partially collapsed skulls, decreased brain tissue and 

damage to the back of the eyes [5]. Because ZIKV may be vertically transmitted to the fetus 

from the mother and is associated with congenital defect, this re-emerging flavivirus was 

recently classified as a TORCH agent (toxoplasmosis, other agent, rubella, cytomegalovirus, 

herpes simplex) [11]. These severe complications together with the lack of vaccines or licensed 

anti-viral treatments sparked a need to study the virus. 

ZIKV was first discovered in 1947 in the Ugandan Zika Forest, from which the virus 
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takes its name. It was discovered in Rhesus monkey, and by 1952 the first cases of human 

contraction of the virus were documented [15]. By 2007, ZIKV was found throughout south-east 

Asia where it made its way across the Pacific and by 2015 ZIKV was documented in South 

America. The 2015 strain of the virus was found to have the severe symptoms of Guillain-Barré 

and microcephaly [15]. This research focused on the 2007 Cambodian strain that was associated 

with the neuronal defects. Throughout the study, we focused on the way in which Cambodian 

strain of ZIKV produces a successful infection and at points of the Flavivirus life cycle. When a 

ZIKV viral particle comes into contact with receptors of the host cell it will be allowed to enter 

the cell through endocytosis. At a certain point the capsid protein, a structural protein that 

envelopes the virus, will break down and the virus genome is released into the cytoplasm. This 

genome consists of 3 structural proteins and 7 non-structural proteins [3]. The genome is then 

translated into a large polyprotein until there is enough polyprotein translated to begin replicating 

the genome. Immature viral particles then undergo viral assemble to make mature infectious 

particles that leave the cell to infect surrounding cells [10]. The focus in this project is to better 

understand how the Zika virus interacts with SGs, and if there is interaction, what proteins and 

markers are being affected.  

The formation and function of cytosolic RNA stress granules (SGs) are essential to the 

regulation of RNA under poor conditions within cells. Stress granules are made up of stalled 

initiation complexes containing mRNA, initiation factors and the small ribosomal subunit [14]. 

SG scaffolding proteins G3BP1, TIA1, and TIAR recognize and bind to stalled initiation 

complexes and aggregate into large cytosolic RNA-protein complexes.  In addition to the 

proteins listed above, upwards of 260 different proteins are known to localize in SGs [9]. The 

formation of RNA SGs begins when cellular stress is present activating one of several types of 
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kinases, these kinases then phosphorylated eIF2α, once phosphorylated eIF2α will take an 

actively translating polysome and create a stalled translation initiation complex that will bind 

with other scaffolding and binding proteins to make SGs [12]. These formed SGs can be imaged 

using fluorescent staining and confocal microscopy and are seen as distinct foci when cellular 

stress is induced [2].  

When there is stress on a cell such as an infection, temperature elevation, oxidative stress 

or the addition of drugs, cellular translation is inhibited translation, and the stalled translation 

initiation complexes, mRNAs and other RNA binding proteins are sequestered in stress granules. 

SG formation is a reversible process in that following removal of the stress and optimal 

conditions are returned to the cell, SGs will disassemble and mRNA translation proceeds. 

Previous studies conducted on West Nile virus and Dengue virus found that the viruses had 

evolved machinery in order to inhibit the production of SGs, which prevents host translation 

complexes from being stalled [6].  It is also known from previous research that several 

Flaviviruses will manipulate host machinery to translate and replicate their genome. In the case 

of Zika virus (ZIKV) we wanted to investigate if SGs were contributing to the prevention of 

ZIKV infection or if they were being sequestered by the virus to have successful infection [7]. 

This research will advance our understanding of ZIKV mechanisms and lay the groundwork for 

possible antiviral treatments. 

 

Methods:  

Cell Culture: 

In this study we used Vero cells (ATCC) derived from the kidney of the Cercopithecus 

aethiops, otherwise known as African green monkeys for viral titering [1]. For siRNA depletion 
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experiments we used Huh7 cells, which are human hepatoma cell line isolated from a Japanese 

man in 1982 [8]. Cells were grown in a 37°C incubator with 5% CO2 levels in 10 cm culture 

plates that contained 8 mL media of DMEM, 10%FBS, 1x Non-essential amino acids (NEAA) 

and 1% glutamine (Life Technologies). When the cells were approximately 80% confluent, the 

cells were split in a sterile biosafety hood. All reagents were sterilized with 70% ethanol before 

placing them into the biosafety hood. To begin, the old growth media was aspirated from the 

plate. After this, 1.5 mL of PBS (Life Technologies) was added to each plate being split and 

rocked to evenly cover the surface of the plate. This step was repeated once more and then 

aspirated. Hereafter, 1 mL of 0.05% Trypsin (Life Technologies) with EDTA was added, the 

plate(s) were rocked again, and placed in the incubator for 5 minutes. Trypsin was used to 

release the adherent cells from the culture plate. After 5 minutes, the plate was removed and 

gently knocked to dislodge any remaining adherent cells. For a 1:6 split of the cells, 5 mL of 

media was added, and while holding the plate at a slight angle, the cells were further dislodged 

from the plate by aspirating the media and expunging onto the highest point of the plate. This 

step was repeated until all of the cells were collected at the bottom point of the plate. Next, while 

keeping the plate at an angle, the entire cell suspension was aspirated and the tip of the pipette 

directly placed onto the surface of the plate. The cell suspension was carefully expunged to break 

up any cell clumps that were present. These steps were repeated until all cell clumps were 

dispersed. Next, 7 mL of new media was added to a new 10 cm culture plate, and 1 mL of the 

cell suspension from the original plate was transferred into the new plate. The cell suspension 

was aspirated up and down to ensure that all of the cells were distributed throughout the plate. 

The plate was then placed back into the incubator when completed. The old plate was disposed 

of in a hazardous waste container and the biosafety hood sterilized.  
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siRNA and Plasmid DNA Transfections: 

To transfect siRNAs into Huh7 cells we first prepared the vehicle master mix reaction 

containing 980 μL of OptiMEM and 10 μL of Lipofectamine 3000 per siRNA reaction (Life 

Technologies). The siRNA reaction contained 980 μL of OptiMEM and 20 μL of the particular 

siRNA (100 nM final concentration). The vehicle master mix was added to each siRNA reaction 

and incubated at room temperature for approximately 10 minutes. Next, the media from each 

culture plate was aspirated and the cells washed with 2 mL of PBS. The transfection mix from 

each reaction was added to the appropriate plate and the plates are then returned to the incubator. 

The plates were then rocked every 30 minutes for a 2-hour period. After this period is complete, 

add 6 mL of complete media to each plate.  

To transfect Huh7 cells with plasmid DNA, we similarly first prepared the vehicle 

mastermix was prepared first. We used plasmids CTP 562 and CTP 563 that were used for the 

overexpression of HuR and G3BP1 respectively. Spectifically, 5.5 μL of Lipofectamine 3000 

(Life Technologies)was added to 150 μL OptiMEM media (Life Technologies) and then 

incubated for 5 minutes at room temperature. The plasmid mastermix was prepared next, where 

100 ng of plasmid DNA was added to 150 μL of OptiMEM, followed by 5.5 μL P3000 reagent 

(Life Technologies).  Hereafter, 150 μL of the vehicle mastermix was added to each tube 

containing the plasmid, and then further incubated at room temperature for 10-15 minutes. After 

the 10-15 minutes, 300 μL of the transfection mix was added to a 6 cm plate, label and return 

plate to 37°C incubator. Repeat for the remaining tubes.  

Cell Harvest: 

To harvest cells, all media from the plate was aspirated and the cells washed with 2 mL 

of cold PBS. This was repeated one more time and the PBS was aspirated. PBS (1 mL) was 
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added to each plate and a cell lifter used to carefully scrape the cells from the plate. The scraped 

cells were collected into a 1.5 mL tube. Hereafter, the cells were briefly centrifuged to pellet the 

cells. The PBS from the tube was aspirated, while taking special care to not disrupt the cell 

pellet. The cell pellet was resuspended with 50 μL of protease inhibitor (1x protease inhibitor 

mix in RIPA buffer with 150mM NaCl; the amount of RIPA added varied depending on the 

pellet size)(ThermoScientific Pierce). The tubes were placed on ice for 20 minutes, and then 

centrifuged at 4°C at 14,000 rpm for 20 minutes. When the spin was completed, the supernatant 

was transferred to a new 1.5 mL tube. The protein concentration was quantified using a BCA 

assay. Alternatively, the lysates were stored following a quick freeze in Methanol/dry ice bath 

and then placed in a -20°C freezer.  

BCA Assay: 

The BCA assay kit frm Bio-Rad was used to quantitate protein in harvested cell lysates. 

To begin, BCA standards were prepared based on the ng/μL desired. All tubes contained 2 μL 

RIPA and varying amounts of PBS depending on the concentration of the standard. After the 

standard was prepared, the sample was diluted 1:10 by using 2 μL of the sample and 18 μL of 

PBS, and then 5 μL transferred to 3 wells. Reagent A (25 μL) was added per well. To prepare 

this, a 1:50 dilution of S-Reagent was added to A-Reagent. Reagent B (200 μL) was then added 

to each well and incubated for 20 minutes before measuring the absorbance. The absorbance was 

measured using a BioTek plate reader at 630 nm, and a standard curve for the samples was 

generated.  

SDS-PAGE and Western Blot Analysis: 

A ProtoGel SDS-PAGE gel was prepared with a 10% resolving gel and a 5% stacking 

gel. The resolving gel was created using ddH2O, 1.5M Tris with a pH of 8.8 (Fisher Scientific), 
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ProtoGel (National Diagnostics), SDS at a 20% concentration, 10% APS and TEMED. 

Typically, 10% gels were used during the course of these experiments. The stacking gel was then 

made using ddH2O, 1M Tris with a pH of 6.8 (Fisher Scientific), ProtoGel (National 

Diagnostics), 20% SDS, 10% APS and TEMED. Samples were separated by SDS-PAGE at 100 

V until the 6x loading dye reached the bottom of the gel. The gels were prepared for Western 

transfer. Each transfer cassette was prepared were on the black side, a sponge was placed, then a 

filter paper, then the gel, then the PVDF membrane (MilliPore), another filter paper and another 

sponge. The black side of the cassette faced the black electrode side. An ice pack and a magnetic 

stir bar are then added. The transfer apparatus was placed in the cold room and run for one hour 

at 100 V, stirring at medium strength using 1x Transfer buffer (192 mM Glycine, 0.025 M Tris-

HCl, 20% methanol). After transfer was completed, the PVDF membrane was placed in 

methanol and allowed to air dry. Once dried, the membrane was rehydrated in methanol and then 

transferred to H2O, before being stained with a Ponceau S stain (Sigma). The membrane was 

removed from the stain and washed with 1x PBST (0.1% Tween in PBS) 3 times for 5 minute-

intervals. The membrane was blocked with 5% skim milk in PBST and for 30 minutes at room 

temperature. After rocking, the primary antibody diluted in 5% milk in PBST was added and 

incubated on a rocker overnight in cold room. The blot was washed 3x in PBST for 5 minute-

intervals. The secondary antibody was then added and rocked at room temperature for 1 hour. 

After incubation in the secondary antibody, the blot was washed in 1x PBST 3x for 5 minutes. 

The blot was developed and exposed to the Clarity ECL reagent (Bio-Rad) and visualized using 

the ChemiDoc (BioRad). Re-Blot Plus Mild (Millipore) was used if the blot needed to be 

stripped for further testing. Specifically, 9 mL of PBS was added to 1 mL of Re-Blot plus, and 

this mixture added to the blot. The blot was incubated on a rocker for 30 minutes to fully strip off 



 12 

the previous antibodies used. The antibodies used in this study are in Table 1. 

Table 1:  
Protein Supplied (Product ID) Species Western Dilution 

G3BP1 Bethyl (A302-034A) Rabbit 1:5,000 

TIAR Bethyl (A303-614A) Rabbit 1:1,000 

YB1 Cell Signaling (D299) Rabbit N/A 

Ataxin-2 ProteinTech (21776-1-AP) Rabbit 1:5,000 

HuR ProteinTech (11910-1-AP) Rabbit 1:6,000 

TIA-1 (C-20) Santa Cruz (Sc-1751) Goat 1:3,000 

GAPDH Millipore Sigma Mouse 1:10,000 

ZIKV Capsid GeneTex (GTX133317) Rabbit 1:5,000 

Envelope BioFront (1176-76) Mouse N/A 

Anti-Rabbit 

Peroxidase 

Santa Cruz (SC-2313) Donkey 1:10,000 

Anti-Goat 

Peroxidase 

Santa Cruz (SC-2354) Mouse 1:5,000 

Anti-Mouse 

Peroxidase 

Santa Cruz (SC-2314) Donkey 1:10,000 

 

Expression of MR766 GLuc Reporter Genomes in Huh7 Cells: 

To investigate the effect of particular SG proteins on ZIKV translation or replication, 

Huh7 cells were first transfected with either the siRNA or with plasmid DNA. On the second 

day, the cells were trypsinized and the number of cells in each plate was counted using a 

hemacytometer. Specifically, 10 μL of the cell suspension was added to the hemacytometer and 

cells in each of the four quadrants was counted. The number of cells counted was multiplued by 

2,500 to calulate cells/mL. Hereafter we seeded 7x10^4 cells/mL in one well of a 24-well plate. 

Remaining cells were cultured in the original 6 cm plate with 3 mL of media, and used to verify 

siRNA knockdown or protein overexpression.  

The MR766 GLuc reporter genome plasmids (pCDNA6.2 MR766 clGLuc Intron3127 

HDVr; wild-type replication competent and Pol(-) replication incompetent; gift from Dr. 

Matthew J. Evans, Mount Sinai School of Medicine) were transfected 24 hours post-seeding of 
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cells into 24-well plates. As before, the vehicle mastermix contained 25 μL of OptiMEM and 0.5 

μL Lipofectamine 3000 and was incubated at room temperature for 5 minutes. The mastermix 

containing the plasmid, 200 ng of plasmid was added to 25 μL of OptiMEM  followed by 0.5 μL 

P3000 reagent per reaction. The two master mixes where mixed 1:1 and incubated at room 

temperature for 10-15 minutes. Hereafter, 50 μL of each reaction was added to the appropriate 

well of each 24-well plate. The media from the weels was collected at 6, 24, 48 and 96 hours, 

and stored at -20°C freezer until the luciferase activity was measure.  

Luciferase Assay: 

 Once all time points had been harvested, the media was thawed at room temperature. To 

measure Gaussia luciferase activity, the BioLux buffer and Stabilizer reagents (NEB) were 

thawed at room temperature. Each sample was measured in triplicate. Therefore the volume of 

the reagent needed was multiplied by the number of 3 times the number of samples. Then the  

total number of reactions and was multiplied by 50 μL to give the reagent volume needed. After 

determining the the total volume, we added 1.25 mL required to prime the plate reader. After this 

is calculated, the amount of stabilizer must be calculated. For each reaction 8 μL of stabilizer is 

needed. We then take the total volume of the reagent and divide by 50, then multiply that number 

by 8 to get the amount of stabilizer needed for the reaction. Then we determined the amount of 

substrate needed. The substrate is at a 100x concentration; we must have 0.5 μL per reaction. 

Following this, we determined the amount of buffer required. To calculate this, we added the 

volume of the stabilizer and substrate together and subtract from the total reagent. As the 

substrate is light sensitive, wrap a new 15mL conical tube in aluminum foil. Add the amount of 

buffer to the tube, followed then by the amount of stabilizer and substrate. Tightly cap the 

solution and allow to sit at room temperature for 20 minutes. Once all of the samples have 
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thawed, transfer 30 μL of each into 3 wells of a white 96-well plate. For sample controls, transfer 

only the 30 μL of sample into three wells, but for the reagent controls just leave 3 wells blank.  

Bacterial Transformation of Plasmids: 

 

 Following a protocol provided by New England BioLabs, we thawed NEB 5- α 

competent E. coli cells on ice for 10 minutes. Following this, 100 ng of plasmid DNA (pG3BP1-

Flag and pHuR-Flag; Genscript) was added to the bacteria, and the bacteria were placed on ice 

for 30 minutes. After 30 minutes, the bacteria were heat shocked for exactly 30 seconds and 

placed back on ice for 5 additional minutes. Then, 950 μL of room temperature SOC media was 

added and the bacteria were allowed to recover at 37ºC and 250 rpm for 1 hour. Following this, 

the bacteria were plated on LB/carbenicillin plates and incubated overnight at 37ºC. 

 

DNA Plasmid Miniprep: 

To isolate the plasmid DNA from bacteria, we conducted minipreps following the Omega 

Biotek E.Z.N.A. kit protocol. A single bacterial colony was picked from the transformed bacteria 

and grown overnight in 5 mL LB/ampicillin at 37ºC and 250 rpm. Hereafter, the bacteria were 

pelleted at 10,000xg for 1 minute at room temperature. The culture media was aspirated, but 

pellet was untouched. We then added 250 μL of Solution I mixed with RNase A, and thoroughly 

resuspended the bacterial pellet by vortexing. The suspension was transferred to a new 1.5 mL 

microcentrifuge tube, and 250 μL of Solution II was added and the suspension egently inverted 

3-5 times until a clear lysate was formed. Once there was a clear lysate, 350 μL of Solution III 

was added, and the tube inverted several times until a fluffy white precipitate formed. The 

solution was then microfuged at maximum speed, approximately ≥13,000xg, for 10 minutes. 

While the tube was being centrifuged, a HiBind DNA Mini Column was inserted in a 2 mL 
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collection tube. Once lysate was clarified, the clear supernatant was directly added onto the 

HiBind DNA Mini Column and centrifuge at max speed for 1 minute. The flow through was 

discarded and 500 μL HBC Buffer diluted with isopropanol was added to the column, 

centrifuged again at maximum speed for 1 minute and the flow through discarded. Following 

this, 700 μL of DNA Wash Buffer diluted with ethanol was added to the column, centrifuged at 

max speed for 30 seconds and the flow through poured off. This step was repeated for another 

wash and then the column with no additive was centrifuged at max speed for 2 minutes to dry. 

The column was transferred to a new 1.5 mL microcentrifuge tube and the plasmid DNA eluted 

using 30-100 μL nanopure water. A NanoDrop Microvolume Spectrophotometer was used to 

determine DNA concentration. The plasmid DNA was stored at -20ºC. 

Results: 

siRNA mediated knockdown of SGs and effects on ZIKV capsid protein levels 

 To investigate whether the amount of Zika proteins would be affected by knockdown of 

specific SG components we transfected cells with siRNAs targeting Gaussian Luciferase 2 (GL2; 

control), Ataxin2, G3BP1, HuR, TIA-1, TIAR, and YB-1, and then infected the cells with ZIKV 

at a multiplicity of infection (MOI) of 5. Cells were harvested two days post-infection and 

protein analyzed via Western blot (Figure 1). Using antibodies to each of the SG proteins we 

observed protein depletion with the respective siRNA. In the blot examining the levels of 

Ataxin-2 we noted an increase in Ataxin-2 when TIAR was depleted, but a decrease when YB1 

was knocked-down. Notably levels of each of the SG proteins was not affected by knockdown of 

either G3BP1 or HuR. GAPDH, the loading control for the western blot (Figure 1A), showed the 

bands had the same overall intensity, indicating the lanes were evening loaded. The data shown 
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in Figure 1 are representative of the experiment undertaken in triplicate.  

 

To investigate the effect on ZIKV protein expression, we used an antibody to the ZIKV 

capsid protein. As expected, no capsid protein was detected in the mock-infected lane (Figure 

1A). We consistently observed a decrease in ZIKV capsid levels when G3BP1 was knocked-

down. In contrast the levels of ZIKV capsid increased when HuR, TIA-1, TIAR and YB-1 were 

knocked-down. Depletion of Ataxin-2 had no effect on ZIKV capsid levels.  

siRNA mediated knockdown of SGs and viral RNA abundance 

Figure 1A and 1B shows northern blot and quantification data genomic ZIKV (gZIKV) 

and sub-genomic ZIKV (sgZIKV) RNA following knock-down of SG proteins. These analyses 

were performed by Gaston Bonenfant. The gZIKV RNA reflects the entire RNA genome of the 

virus whereas the sgZIKV RNA shows the 3’ UTR that is not degraded by the cellular 5’-to-3’ 

 
Figure 1: ZIKV protein and RNA abundance changes following depletion of specific stress granule 

proteins. Cells depleted of specific stress granule proteins were infected with ZIKV. A) Cellular and 

viral proteins and RNA were analyzed by western and northern blot. The northern blot shown was 

performed by Gaston Bonenfant. B) Quantification of ZIKV genomic and subgenomic RNA from the 

northern blot, and represented with respect to the control siGL2. C) Effect of SG protein knockdown on 

ZIKV titer determined by plaque assay; experiment conducted by Gaston Bonenfant. 
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exonuclease Xrn1, otherwise known as the subflavivirus RNA. In Figure 1B, ZIKV RNA was 

quantified relative to actin mRNA and normalized to the amount of viral RNA in relation to the 

siGL2 control that was set to 1.00. We observed a decrease in both gZIKV and sgZIKV RNA 

when Ataxin2 and G3BP1 were knocked-down. Depletion of G3BP1 and the corresponding 

decrease in ZIKV RNA levels suggesed this SG protein is pro-viral. The intensity of the gZIKV 

and sgZIKV increased when HuR was depleted, indicated that HuR restricts ZIKV during 

infection.  

siRNA mediated knockdown of SGs and effects on ZIKV titers 

 Plaque assays (Figure 1C) were done by Gaston Bonenfant to determine the number of 

infectious viral particles, or viral titers. The siRNA for GL2 was used as a control in this 

experiment and was set to 1.00. It was shown that the number of infectious particles was nearly 3 

times higher in siHuR in comparison to the control. For G3BP1, Ataxin-2 and YB1, there was a 

decrease in viral particles that were found.  

Time-course of ZIKV infection and changes 

SG protein abundance 

 Depletion of different SG proteins 

showed that ZIKV gene expression was 

modulated by these proteins. To investigate 

whether the virus affects the levels of SG 

proteins during infection we examined the 

expression of SG protein levels by western 

blot analysis at 1, 2 and 3 days post-

infection of Huh7 cells with the Cambodian 

 
Figure 2: ZIKV infection does not affect the levels 

of SG proteins. Huh7 cells were infected at 2 

different MOIs, and cellular and viral proteins were 

analyzed by western blots at 1, 2 and 3 days post-

infection.  
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strain of ZIKV (Figure 2). We also examined whether infected at two different MOIs would 

impact SG protein abundance (Figure 2). While ZIKV did not change the amount of most of the 

SG proteins over a three infection, we did observe an increase in the levels of Ataxin-2 during 

infection. This is interesting particularly because depletion of Ataxin-2 did not affect ZIKV 

proteins, but did decrease ZIKV RNA levels and viral titers (Figure 1B and 1C).  

Luciferase reporter shows HuR expression changes throughout translation and replication  

 To investigate effects on ZIKV translation and replication, we expressed the used the 

replication-competent (WT) ZIKV reporter plasmid (pCDNA6.2 MR766 clGLuc Intron3127 

HDVr) expressing Gaussia luciferase (GLuc). The cDNA clone containing the full-length genome 

of the Uganda MR766 strain under the control of the cytomegalovirus (CMV) promoter was used 

to create the pCDNA6.2 MR766 clGLuc Intron3127 HDVr constructs. Within this construct, the 

GLuc gene was cloned as a translational fusion between the NS1 and NS2A genes, and the NS1 

and NS2A junction was duplicated on both sides of the reporter gene thus providing the mode by 

which GLuc was proteolytically processed out of the polyprotein. Following transfection of 

pCDNA6.2 MR766 clGLuc Intron3127 HDVr, cellular RNA polymerase II via the CMV promoter 

directs transcription and 5’-end capping of ZIKV genomic RNA. The correct 3’-end of the ZIKV 

genomic RNA is derived by  the hepatitis D virus ribozyme (HDVr) at the end of the 3’ UTR. In 

this assay GLuc expression is used as a proxy for measuring viral RNA function. In particular at 

6 hours post-transfection translation of capped ZIKV RNA may be assayed. However following 

synthesis of the ZIKV polyprotein and activation of  the RNA-dependent-RNA polymerase 

(RdRp) NS5, the reporter genome is replicated where the increase in viral RNA, and GLuc activity, 

is measured at 48- and 96-hours post-transfection.  
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To determine whether modulation of 

HuR levels affects ZIKV gene 

expression, we either depleted HuR 

with target-specific siRNAs or 

overexpressed HuR-Flag (Figure 3). 

Following expression of either the 

control siRNA or 3xFlag-bacterial 

alkaline phosphatase (BAP) we 

observed a continued increase in 

luciferase units throughout the 96-hour 

time points. For knockdown of HuR 

(Figure 3A), seen in black, we 

similarly observed an increase 

throughout the experiment however at 

slightly higher levels than siGL2. In 

contrast, when HuR was overexpressed 

(Figure 3B), GLuc levels were decreased compared to 3xFlag-BAP. Together these data support 

our earlier data indicating an antiviral role for HuR by affecting ZIKV replication. 

G3BP1 modulates ZIKV replication  

 In Figure 4 we investigated the effect of knockdown and overexpression G3BP1 on 

ZIKV translation and replication. Following transfection of the GL2 control siRNA, we observed 

the continuous increase in luciferase units throughout the 96 hours post transfection (Figure 4A). 

In contrast, following knockdown of G3BP1 GLuc activity decreased beginning at the 24-hour 

 

 
Figure 3: Effects of HuR on ZIKV translation and 

replication. GLuc activity from the wild-type MR766 GLuc 

reporter genome was examined following depletion ([-]HuR) 

or overexpression (+ HuR) of HuR. GLuc activity at 6 and 

24 hours measures effects on ZIKV translation while effects 

on ZIKV replication may be analyzed at 48- and 96-hours 

post-transfection. siGL2 and p3xFlag-bacterial alkaline 

phosphatase were used as transfection controls. 

A. 

B. 
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time point. Following overexpression 

of G3BP1, we observed a 4-fold 

increase in GLuc activity (and thus 

replication of ZIKV) compared to 

3xFlag-BAP control value (Figure 

4B). These data indicate that G3BP1 

promotes replication and thus 

modulates ZIKV protein and RNA 

levels. 

 

 

 

 

 

 

Discussion: 

The objective of this research was to investigate the role of SG proteins during ZIKV 

infection. Our data show that two RNA binding proteins, G3BP1 and HuR, function to promote 

and limit ZIKV replication. 

In Figure 2 we examine the consequence of decreasing the levels of six different SG 

 
 
Figure 4: Effects of G3BP1 on ZIKV translation and 

replication. GLuc activity from the wild-type MR766 GLuc 

reporter genome was examined following depletion ([-

]G3BP1) or overexpression (+ G3BP1) of G3BP1. GLuc 

activity at 6 and 24 hours measures effects on ZIKV 

translation while effects on ZIKV replication may be analyzed 

at 48- and 96-hours post-transfection. siGL2 and p3xFlag-

bacterial alkaline phosphatase were used as transfection 

controls. 

A. 

B. 
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proteins. To determine if siRNA depletion of the SG proteins affected ZIKV protein we blotted 

for the capsid protein.  Our data showed consistently less capsid when G3BP1 was knockdown 

and an increase in ZIKV protein in the HuR depleted cells. This result suggests that G3BP1 is a 

pro-viral cellular factor while HuR is antiviral. We also observed an increase in ZIKV capsid 

protein TIA-1 was knockdown. TIA-1 depletion had no effect on ZIKV RNA or viral titers 

(Figure 1). These data contrast that observed for West Nile virus [6], indicating that although 

ZIKV and West Nile are both within the same virus family and genus, distinct cellular factors 

affect viral gene expression. We also examined the effect on viral RNA abundance by northern 

blot. By northern blot we visualized both the genomic and subgenomic ZIKV RNAs. The sub-

genomic RNA (sgRNA)is composed of the virus’ 3’ untranslated region that is approximately 

340 base pairs in length, and thus migrates further in the gel compared to the larger full ZIKV 

RNA genome (gZIKV) which is approximately 11,000 nucleotides in length. By northern blot 

we observed an increase in the intensity of the ZIKV gRNA and sgRNA when HuR was depleted 

compred to transfection of the siGL2 contol (Figure 1A). Consistent with the western blot we 

also observed a decrease in ZIKV RNA following knockdown of G3BP1 compared to siGL2, 

albeit the effect was not as dramatic as that on capsid levels. The less dramatic effct on the viral 

RNA may in part be because the viral RNA is protected during viral replication in membrane 

vesicles [7]. Notably the effects on gRNA and sgRNA are better visualized, and thus easier to 

dissect what is occurring throughout the cell during infection, by quantifying the viral RNA 

based on the siGL2 control (Figure 1C).  

While the most dramatic effects on ZIKV gene expression were observed following 

depletion of G3BP1 and HuR, our results showed that knockdown of other SG proteins also 

affect ZIKV. Depletion of Ataxin2, TIAR and YB-1 decrease ZIKV protein expression 
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suggesting these proteins likely function to promote translation of the viral polyprotein (Figure 

1A). Interestingly however the increase in viral translation did not affect replication. Further 

studies will need to be undertaken to further discern how these protein modulate viral translation, 

and whether knockdown of Ataxin2, TIAR and YB-1 similalry change translation of cellular 

mRNAs during ZIKV infection. Moreover it will be interesting to investigate whether the 

increase in viral proteins changes the composition or formation of replication complexes to affect 

stability of the viral RNA or synthesis of new viral genomes. 

Gaston Bonenfant conducted plaque assays in order to determine changes in the viral titer 

when each stress granule protein is depleted. Similar to the other experiments, siGL2 was used as 

a control. There was a 3-fold increase in the relative PFU/mL for siHuR, while there was a 

distinct decrease in the viral titer for siAtaxin-2 and siG3BP1. These support that the HuR stress 

granule may be antiviral in nature, while G3BP1 may have pro-viral roles. Depletion of Ataxin-2 

also affected viral titers. This decrease might be the consequence on decreased replication or a 

direct role in assembly of new viral particles. 

In Figure 2, we conducted an infection time course on the Cambodian strain of the ZIKV. 

We compared the levels of SG proteins between mock-infection and cells infected at a low and 

high MOI, at 1, 2 and 3 days post-infection. Overall the levels of the SG proteins did not change, 

indicating that ZIKV infection did not induce the overexpression or degradation of SG proteins. 

Notably, the abundance of Ataxin-2 increased in ZIKV infected cells, although the biological 

implication of this increase on cellular and viral function is at this point unclear and warrants 

additional studies particularly as this protein is associated with neurological disease. 

 Our data in Figure 1 show a pro- and antiviral role for G3BP1 and HuR in ZIKV 
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infection. To further investigate whether HuR affected ZIKV translation or replication we 

undertook studies using a GLuc reporter genome (Figure 3). Using this reporter genome, we 

were able to examine the effects on ZIKV translation at 6 and 24 hours post-transfection of the 

plasmid, and replication at 48 and 96 hours post-transfection. In this assay, GLuc activity in the 

media served as a proxy for ZIKV translation and replication. Following transfection of the 

siGL2 control (Figure 3A), GLuc activity increased continuously through the 96-hour time 

points. Following knockdown of HuR however, we similarly observed continuous increase in 

Gluc activity, although at significantly higher levels compared to the siGL2 control (Figure 3A). 

This suggests that when HuR is knocked-down that ZIKV is able to be translated and replicated 

with no complications, and that decreased levels of HuR promote the accumulation of viral 

RNA. To confirm these data we performed a reciprocal experiment (Figure 3B), where HuR 

overexpression starkly decreased GLuc activity. This suggests that HuR is acting antiviral and 

effecting the ZIKV infection at the point of replication. While the binding of HuR to 3’ UTRs is 

known to stabilize cellular mRNAs, our data indicate the the presence of HuR decreases or limits 

the accumulation of ZIKV RNA. It is possible that depletion of HuR directly or indirectly affects 

ZIKV gene expression, where the absence of HuR stabilizes the viral RNA and thus promotes 

ZIKV replication. Alternatively, depletion of HuR might destabilize a cellular mRNA that 

promotes ZIKV gene expression. Regardless, our data are the first to ascribe an antiviral for 

HuR. 

 In Figure 4, we similarly wanted to investigate whether G3BP1 functioned in ZIKV 

translation or replication. Figure 4A shows GLuc activity following siRNA-mediated 

knockdown of G3BP1 and the siGL2 control. As in Figure 3A, siGL2 control showed an 

increase in GLuc activity throughout, but when G3BP1 was knockdown decreased GLuc activity 
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was observed at 48 and 96 hours post-transfection of the reporter genome. Conversely, in Figure 

4B, when G3BP1 is overexpressed we observed a four-fold increase in replication. Together 

these datasupport a proviral role for G3BP1 in ZIKV replication. 

 The research undertaken in this Honor’s thesis increases our understanding of ZIKV-host 

interactions, and is particularly relevant as to date there is no licensed vaccine or anti-viral 

treatment. For those living in at risk areas, particularly women that are looking to get pregnant, 

preventative measures would be extremely comforting and protect both mother and baby from 

any fetal defects. Through this study, we gained an understanding on how proteins associated 

with stress granules interact with ZIKV, and that HuR and G3BP1 specifically act on the 

replication of the virus. Future research will focus on replicating these results in both the Puerto 

Rican (2015) strain as well as the Ugandan (1947) strain. This study has additionally opened up a 

new avenue of research investigating the role of neuronal-specific HuR proteins, and whether 

these proteins similarly show antiviral activities and the role these neuronal HuR proteins might 

play in neurological defects observed in newborns following verticle transmission. 
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