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Abstract

Stress granules are RNA- and protein-containing cytoplasmic aggregates that form in

response to stress. Cells may have different compositions of stress granules depending upon the

type of stress. Previous research has identified proteins including RACK1, RPS3, RPS6, eIF3a,

eIF4E, and TRAF2 in arsenite-formed stress granules, which appear to have an anti-apoptotic

function. However, these factors are often absent from pro-apoptotic forms of stress granules.

Acute high dose exposure to the stilbene compound resveratrol was recently shown to cause

stress granules, but the proteins comprising the resveratrol stress granules remained unknown.

Therefore we aimed to determine the composition of resveratrol-induced stress granules. U2OS

cells were treated with resveratrol, ethanol (a negative control), and arsenite (a positive control),

to observe stress granule formation. RACK1, RPS3, RPS6, eIF3a, eIF4E and TRAF2 were

detected with antibodies for colocalization to stress granules with the stress granule marker

protein G3BP1, using fluorescence microscopy. From this experiment it was found that

resveratrol-induced stress granules had G3BP1 colocalization with RACK1, RPS3, RPS6, eIF3a,

eIF4E and TRAF2 suggesting that their function is likely anti-apoptotic and similar to

arsenite-induced stress granules.
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Introduction

When cells are subjected to stressful extreme environments, including extreme

temperature, and exposure to toxins, there is a cellular stress response to either repair the damage

from the stressor on the cell or terminate the cell. This protective or destructive response is

dependent on the severity and duration of the stressor (Fulda et al., 2010). The cellular stress

response is initiated when the strain of the stressor deforms/damages proteins, DNA, and

macromolecules of the cell (Kültz, 2005). In efforts of maintaining homeostasis within the cell,

protective mechanisms counteract the stressor to promote the survival of the cell. This stress

response is also referred to as the cellular homeostasis response (Kültz, 2005). In other cases, the

cell’s defense mechanisms are unable to overcome the stressor deeming the cell ‘unfit’, initiating

programmed cell death (Fulda et al., 2010; Kültz, 2005). As part of this defensive cellular stress

response, stress granules (SGs) are formed within the cells. SGs are cytoplasmic aggregates of

mRNA translation pre-initiation proteins (Protter et al., 2016). The formation of SGs is typically

viewed as a protective response to conserve translational resources to avoid apoptosis and death

(Arimoto et al., 2008). SG formation pathways are specific to the causative stress although many

form as a downstream effect of the activation of the integrated stress response (Arimoto et al.,

2008). The study of SGs is crucial in understanding tumor formation and viral infections

(Anderson et al., 2015).

Apoptosis, or programmed cell death, is defined by the morphology of distinct cellular

characteristics based on energy-dependent biochemical mechanisms (Elmore et al. 2007). These

cellular changes include cell shrinkage and dense cytoplasm with tightly packed organelles

(Elmore et al. 2007). Tightly packed organelles are also known as apoptotic bodies and result in

budding, which is phagocytosis of the bodies by macrophages. Cells naturally die over time and

apoptosis is an important part of maintaining homeostasis (Elmore et al. 2007). These processes

of cell death are coordinated by energy-dependent biochemical mechanisms (Elmore et al. 2007).

Some mechanisms that have been identified include execution pathways, composed of extrinsic,

intrinsic, and granzyme B pathways, which initiate the cascade of cellular stimuli leading to cell

death (Elmore et al. 2007). The complex cascade of events is caused by the activation of cysteine

proteases or caspases. Once cleavage of caspases, specifically caspase-3, is initiated there is a

degradation of nuclear and cytoskeletal proteins. Then, the formation of apoptotic bodies

(ApoBDs) occurs through the activation of endonuclease CAD which degrades DNA inside the



nuclei and causes chromatin condensation (Elmore et al. 2007). When apoptosis is not properly

regulated in the body, homeostasis and other crucial bodily functions are compromised causing

havoc.  If extreme pro-apoptosis or anti-apoptosis occurs, humans encounter conditions like

autoimmune disorders and cancers, respectively. Regarding SGs, they are known to inhibit

apoptosis which also leads to chemotherapeutic resistance, allowing SGs to form and avoid the

chemotherapy.

The receptor for activated C kinase 1 (RACK1) is a scaffolding protein that has a

seven-blade β-propeller structure that facilitates protein binding (Faux and Scott, 1996). It

utilizes inputs from signaling pathways for several cellular activities such as protein synthesis,

transcription, protein shuffling, and cell proliferation (Adams, 2011). RACK1 is sequestered

from the cytoplasm and into cytoplasmic stress granules in cells under stress by hypoxia,

insufficient oxygen supply, or heat shock (Adams, 2011). RACK1 is a crucial component of SGs

in cells as it inhibits the activation of mitogen-activated protein kinase (MAPK) pathways, which

if activated, cause an apoptotic response in cells under stress (Adams, 2011). Specifically,

RACK1 suppresses the activation of methylthioribose kinase 1 (MTK1) inhibiting the signaling

required for the apoptosis causing the MTK1-stress-activated protein kinase (SAPK) pathway

(Takekawa, Mutsuhiro, et al., 1997). RACK1 is essential for the survival of SG-forming cells,

allowing SGs to limit stress-induced cellular damage (Arimoto et al., 2008). Amrito et al. (2008)

shows that in type 1 stress responses, RACK1 is sequestered into SGs, but in type 2 stress

responses RACK1 is not sequestered allowing it to bind and activate MTK1 MAPKKK. The

composition of SGs under most stress conditions remains unknown, but RACK1 is known to

play an important role in the formation of type 1 stress granules.

Tumor necrosis factor receptor-associated factor 2 (TRAF2) is an adaptor protein that is

transcribed in nearly every tissue in the body (Jiang et al., 2018). Commonly TRAF2 is a target

of tumor-derived and pro-inflammatory factors and is critical for the regulation of cell survival

and apoptosis (Jiang et al., 2018). Under heat stress, TRAF2 is sequestered into stress granules,

thought to be through a protein-protein interaction with eukaryotic translation initiation factor 4

gamma 1 (eIF4G1) (Kim et al., 2005). This addition of TRAF2 to the SGs blocks various

TRAF2-mediated signaling processes, including tumor necrosis factor (TNF) signaling (Kim et

al., 2005). The inhibition of these processes downregulates the activation of nuclear factor-kB

(NF-kB), which is a key factor in the inflammatory response (Kim et al., 2005). In blocking the



pro-inflammatory positive feedback loop, apoptosis due to inflammation can be avoided,

promoting cell survival.

The eukaryotic initiation factor (eIF) proteins are responsible for the regulation of

translation initiation. eIF protein complex, comprising several subunits, also functions to

stabilize the functional ribosomal complex at the start codon (Ali et al., 2017). There are six eIF

complexes including, eIF2,  eIF3 and eIF4. Through previous research, it is known that the most

common mechanism for SG formation is through the phosphorylation of eIF2α (Clemens, 2001).

The most complex form of the eIF family is the eIF3 formation, consisting of subunits

eIF3a-eIF3m (Dong and Zhang, 2006). Although the mechanisms are still unknown, it is

probable that eIF3a expression mediates cell proliferation through cellular stress sensitivities

(Dong et al., 2009). Other researchers have pondered eIF3a to be a potential oncogene, inducing

oncogenesis through translation regulation (Yin et al., 2018). Of the eIF4 complex, the

cap-binding protein eIF4E presents as the rate-limiting subunit responsible for translation

initiation through mRNA recruitment. Therefore, enhanced expression of eIF4E has been linked

to tumorigenesis and the regulation of tumor formation (Bitterman and Polunovsky, 2015;

Zimmer et al., 2000). When the cell is provoked with extracellular stressors, eIF4E undergoes

phosphorylation leading to unregulated translation and proliferation with inhibited apoptosis

(Bhat et al., 2015). With both eIF3a and eIF4E assumed to be tumerogenic, these proteins

continue to be researched for use in cancer therapies.

Ribosomal proteins, RPs, have been discovered to play unique roles beyond their

ribosome and protein synthesis properties. For example, RPS3 has DNA repair functions

whereas RPS6 has developmental regulation functions (Wool, 1996). RPS3 protein expression

was also seen to induce apoptosis, implicating that RPS3 plays a role in cell fate determination

(Jang et al., 2003). A more widely researched protein RPS6 gained attention for its

phosphorylation properties. (Meyuhas, 2008). Further research has found RPS6 a possible

connection between the protein and the target of rapamycin (TOR) kinase pathway which is

responsible for translation, rRNA transcription, and ribosomal protein synthesis (Kim et al.,

2014). More research needs to be performed regarding RPs to fully understand complexes and

pathways involved in their specialized functions regarding SG colocalization.

Resveratrol (Rsv), or 3,4′,5-trihydroxy-trans-stilbene, is a polyphenolic phytoalexin

compound associated with beneficial effects in heart disease prevention, aging prevention, and



anti-inflammatory effects. The structure of Rsv is two aromatic rings connected by a styrene

double bond as pictured below in Figure 1 (Pervaiz & Holme, 2009).

Figure 1. Structure of Resveratrol

Rsv is naturally found in red wine and was hypothesized to contribute to the “French

Paradox,” or the phenomenon that French people have lower cardiovascular disease despite

having a high-fat and high-cholesterol diet (Richard, 1987). Today, Rsv is a new focus for the

treatment of human diseases and the prevention of tumors (Szekeres et al., 2010). Rsv is known

to cause SGs in cells such as U2OS, but their pathways and composition are unknown (Amen et

al., 2021).

In the last two decades, Rsv has been researched for its apoptotic tendencies. Several

studies have shown promising results on how Rsv induces apoptosis in cancer cell lines. Rsv has

been shown to activate and nuclear translocate MAPK and increase the cellular abundance of

protein P53, an oncogene suppressor (Shih et al., 2002). Rsv has been known to induce apoptosis

in various cancer cell lines, similar to how cancer chemotherapy drugs induce P53-dependent

apoptosis to damage the DNA (Elmore et al., 2002). Along with its apoptotic tendencies in cell

lines such as U2OS, Rsv also induces SG formation. Unlike the similar SG induced by stressor

arsenite (Ars), Rsv induced SGs are less pronounced and smaller in size. There is also a different

clearance mechanism between Ars and Rsv induced SGs, with Rsv SGs having rapid clearance

kinetics (Amen et al., 2021). This means that with the removal of the stressor, the SGs disappear

and are reversed.

The apoptotic tendencies of Rsv-induced SGs are unknown. SGs can be either

pro-apoptotic (type 2) or anti-apoptotic (type 1) depending on their composition, which is related



to the stress that causes them. Since the composition of Rsv SGs remains unknown, in this

project we worked to examine the protein composition of Rsv induced SGs. We will be looking

specifically to see if they contain pro-apoptotic proteins colocalized at the SG such as RACK1

and TRAF2. With data from previous studies suggesting the similarity in composition of

Ars-induced SGs with Rsv-induced SGs, we plan to further investigate whether Rsv SGs contain

known components of type 1 SGs including RPS3, RSP6, eIF3a, and eIF4E. While there is

evidence of these proteins in Ars-induced SGs, there is a lack of experimental research on

Rsv-induced SGs. It is hypothesized that these proteins are in Rsv-induced SGs due to the

similarities between Ars- and Rsv-induced SGs. Therefore, the goal of this research is to

investigate the composition of Rsv-induced SGs and determine if there are further similarities

between the Ars- and Rsv-induced SGs.



Materials and Methods

Cell Line Maintenance

The cell line U2OS (wild-type) was used to investigate the SG protein composition.

U2OS is a Homo sapiens osteosarcoma cell line derived from the epithelial tissue of bone. This

cancer cell line has adherent growth properties (ATCC, 2022). The U2OS cells were maintained

in a 37°C incubator in Dulbecco's Modified Eagle Medium (DMEM) with 10% Fetal Bovine

Serum (FBS) and 1% penicillin/streptomycin (PS), termed ‘DMEM+’. The cells were checked

under the inverted microscope every 2-3 days and split depending on the confluency of cells in

the flask.

Drug Treatment

18mm round glass coverslips were placed at the bottom of each well in a 12-well plate.

1mL of medium with a concentration of 3.6 x 106 /mL wild-type U2OS cells was placed in each

of the 12 wells and incubated for 24-48 hours to allow the cells to adhere to the coverslips. After

examining the plate under the inverted microscope, 500 μL were removed from each well and

added to tubes of the treatment. The treatment setup can be seen in Figure 1 below, with Ars as

the positive control and ethanol as the negative control. After incubation, media was removed

from the wells and washed with 1x PBS, then removed. The cells were fixed with 4%

paraformaldehyde/phosphate buffer saline (PF/PBS), with methanol to permeabilize the U2OS

cells, and Hoechst 33325 DNA stain with a 1000x concentration was added, allowing the plate to

shake between treatments. Wells were again washed with 1x PBS to maintain cells until the next

treatment.

Antibody Staining

Cell antibody staining began with removing 1x PBS from the wells of the 12-well plate

and replaced with 5% BSA/ PBS blocking solution, and left to incubate at room temperature.

To prepare for primary antibody staining, 3 mL of 5% BSA/PBS was added to 4 tubes,

one for each of the primary antibodies - RACK1, TRAF2, eIF3, and RPS3 - used to detect the

presence of the four proteins. The specific antibodies used to detect proteins can be found in

Table 1 with their respective concentrations indicated. Primary antibodies were added to the

corresponding tube as follows: 1:1000 rb-α-G3BP1 in all wells; column 1 wells- 1:2000



ms-α-RACK; column 2 wells - 1:1000 ms-α-TRAF2; column 3 wells - 1:1000 ms-α-eIF3;

column 4 wells - 1:1000 ms-α-RSP3, then added to the wells as depicted in Figure 2. Primary

antibody staining treatment was left to incubate at room temperature for 60 minutes.

Figure 2. 12-Well Plate Design and Treatment

Following three 1xPBS washes in preparation for secondary antibody staining, a conical

tube was prepared with 12 mL of 5% BSA/PBS. Secondary antibodies: 12 μL of anti-rb-A488

(1:1000), 12 μL of anti-ms-A594 (1:1000), and 12 μL of Hoechst 33325 DNA stains (1:1000)

were added to the tube. 0.5 mL of secondary antibody stains were added to all 12 wells. The

secondary antibody stains were removed and washed three more times with 1xPBS.

Table 1. Antibodies used in this study

Antibody Ratios Manufacturer Product #

rabbit(rb)-anti(α)-G3BP1 1:1000 Proteintech 13057-2-AP

mouse (ms)-α-G3BP1 1:1000 Proteintech 66486-1-Ig

ms-α-RACK1 1:2000 Proteintech 66940-1-Ig

ms-α-TRAF2 1:1000 Proteintech 67315-1-Ig

rb-α-TRAF2 1:1000 ABclonal A0962

ms-α-eIF3 1:1000 Proteintech 67713-1-Ig



rb-α-eIF3a 1:1000 ABclonal A0573

rb-α-eIF4E 1:1000 ABclonal A6085

ms-α-RSP3 1:1000 Proteintech 66046-1-Ig

rb-α-RPS6 1:1000 ABclonal A6058

α-rb- IgG Alexa Fluor 488 (green) stain 1:1000 Cell Signaling

Technology

4412S

α-ms- IgG Alexa Fluor 488 (green) stain 1:1000 Cell Signaling

Technology

4408S

α-ms- IgG Alexa Fluor 594 (red) stain 1:1000 Cell Signaling

Technology

8890S

α-rb- IgG Alexa Fluor 594 (red) stain 1:1000 Cell Signaling

Technology

8889S

Hoechst 33325 nuclear (blue) stain 1:1000 Thermo Scientific 62249

The coverslips from each well were plated on microscope slides using vinol mounting

medium with cell side face down and labeled with drug treatment and antibody stain to prepare

for fluorescence microscopy.

Microscopy

Using the Zeiss Light Microscope Axio Observer A1, with a total magnification of 400x,

cells were located using the eyepiece and brought into focus. The microscope view was shifted to

the camera and the program SPOT basic was used to capture pictures of the cells. The green

fluorescent filter was used to capture stress granules in the cells at an exposure of 1000ms. The

red fluorescent filter was used to capture antibody stain presence in the cells at an exposure of

6000ms. Both fluorescent channel pictures were taken of the same coverslip cell field. The

images were then saved to be used for fluorescence intensity quantification of the stained

antibodies co-localized at the SGs.



SG Quantification

Each blinded slide was viewed under the green fluorescent filter to view the GFP-tagged

antibodies within the cells. At least 250 cells were counted across different fields of the

coverslips. The cells were counted by each researcher and the numbers of  SG positive cells and

SG negative cells were recorded. The data from the same slides were compared among

researchers to ensure SGs counts were consistent among all members (Appendix A). This

practice quantification was performed several times until there was consistency among the

group.

SG Protein Co-Localization via Stained Antibody Analysis

Using the program Image J from NIH (https://imagej.nih.gov/ij/), the green and red

fluorescent filter images were uploaded per coverslip cell field, (example: image E1.2

G(reen)-Resv-RACK1 and image E1.2 R(ed)-Resv-RACK1). The two images were overlaid

using the stack feature. On the green fluorescent image, a line was drawn through SGs of a cell

then analyzed using the plot profile feature to quantify the green fluorescence values of the SG.

Switching over to the stacked red fluorescent image, maintaining the line position, the line was

analyzed again using the plot profile feature to quantify the red fluorescence values over the

location of the SG. The plot profile values were uploaded to Microsoft Excel to plot fluorescence

values. The graphs were analyzed for similar fluorescent value peaks at the same distance along

with the line position. Three cells per two fields were analyzed using the methods entailed above.

https://imagej.nih.gov/ij/


Results

SG Formation

U2OS cells were treated with ethanol (negative control), Ars (positive control), and Rsv

in order to determine if Rsv caused SG formation. The formation of SGs in cells treated with Rsv

can be seen in Figure 3. Each of the cell treatments were qualitatively analyzed using the

fluorescence microscope. The most SGs were seen in the positive control cells treated with Ars,

then the cells treated with Rsv, and little to none in ethanol.  Once we were able to show that Rsv

caused SGs in U2OS cells, the majority of our efforts were used in perfecting the experiment to

optimize the results obtained.

Figure 3. A488 Stained G3BP1 Marking SGs in U2OS Cells

Quantifying SG Formation in Response to Rsv

The first experiment was performed to determine the best concentration of Rsv to use in

order to cause SGs as well as practice identifying and counting SGs consistently. Cells were

plated in a 12-well plate with 3 treatment concentrations of Rsv. After the experiment, the slides

were blinded and SGs counted. The data from this trial (Appendix A) shows two group members

having similar SG counts shown in red and blue, while the other had comparably high SG

counts. The first attempt counting the SGs showed variation amongst group members which

were corrected by clarifying what was considered a positive SG. It was confirmed by this

experiment that Rsv produced SGs at 500 mM. This concentration was used for all future

experiments.



Optimizing Antibody Concentrations to Determine SG Composition

Antibody staining was used to collect colocalization data on the four proteins RACK1,

TRAF2, eIF3, and RPS3. The experiments began using 1:2000 for RACK1 and 1:1000 TRAF2,

eIF3, and RPS3 for the primary antibodies. For the secondary antibodies 1:1000 was used for

anti-rbA488, anti-ms594 and in addition to 1:1000 Hoechst dye. For each protein one image was

taken on the green filter and red filter using SPOT software. From there the images were overlaid

in ImageJ and a line was drawn through one or two SGs. A plot of the fluorescence profile was

created for both images in the stack. This data was put onto the same graph to compare the

fluorescence peaks between G3BP1, indicating SGs, and the protein. Colocalization was

determined by correlating peaks in the antibody-stained proteins shown as the red line. Appendix

B shows a chart where each slide was assessed on the quality of each staining. Appendix C and

D show images of the cells that stained well which for the most part was RACK1 and RPS3. It

was hard to tell if the issue was the staining concentrations or the antibodies themselves.

Several experiments were performed in order to gather data for the other four proteins,

but challenges were encountered with lack of SG formation for Rsv treated cells and poor

antibodies. The new antibodies worked much better allowing for imaging and analysis to be

performed even though SGs did not form (Appendix E). It was thought that the Rsv stock had

lost efficacy and therefore was no longer inducing the formation of SGs during drug treatment.

The stock Rsv was remade for the final trial. Once the Rsv was replaced, SGs formed in the

treated cells and data was collected for the remaining proteins eIF3a, eIF4E, RPS3, and RPS6.

RACK1 and TRAF2 were expected to be in Rsv formed SGs, since they are both pro

apoptotic proteins that are known to be sequestered into Ars SGs. As hypothesized, the SG

marker protein G3BP1 colocalized with both RACK1 and TRAF2. The green lines of the Figure

4 fluorescence graphs show the G3BP1 peaks marking the SGs themselves. To determine

colocalization the protein should have peaks in the same location as the SGs, therefore showing

that the SG and the protein are in the same location. Both proteins show colocalization, but

TRAF2 looks as if it has better colocalization. It is important to note that the significance or

amount of colocalization cannot be determined from this data and antibodies cannot be cross

compared since they each have different binding affinities.



A.

B.

Figure 4. RACK1 and TRAF2 colocalization in Rsv formed SGs
Fluorescence microscopy of both Ars (positive control) and Rsv stained with antibodies to detect

RACK1 (A) or TRAF2 (B) proteins (red, right panel images) and G3BP1 (green, left panel
images). Under each graph are the images from the green and red fluorescent filters with a line

drawn through 1-3 SGs, creating the fluorescence data.

The proteins eIF3a and eIF4E were anticipated to have similar results since they are both

a part of the translation initiation complex. While these proteins do not appear in the literature

for Rsv SGs, there is some data showing that they are found in Ars SGs. The experiments with

the new Rsv stock and new antibodies used the same methods as the previous experiments. As

seen in Figure 5, the proteins each have clear colocalization in Rsv SGs as each set of peaks



match up between the SG and the protein. This shows that the translation initiation complex

plays a role in SG formation and conservation of translational resources.

A.

B.

Figure 5. eIF3a and eIF4E colocalization in Rsv formed SGs
Fluorescence microscopy of both Ars (positive control) and Rsv stained with antibodies to detect
eIF3a (A) or eIF4E (B) proteins (red, right panel images) and G3BP1 (green, left panel images).

Under each graph are the images from the green and red fluorescent filters with a line drawn
through 1-3 SGs, creating the fluorescence data.

The proteins RPS3 and RPS6 are similar to eIF3a and eIF4E in that they are not found in

the literature for Rsv SGs. They are both members of the small ribosomal subunit and are



sequestered into Ars SGs. The RPS3 graphs in Figure 6 show clear colocalization from the

matching peaks between the SG and protein. While the RPS6 graphs are noisy, there are similar

peaks between the SG and protein in both the Ars control and the Rsv. This suggests that the

ribosomal subunit plays a role in SG formation since these proteins are sequestered into the SGs.

A.

B.

Figure 6. RPS3 and RPS6 colocalization in Rsv formed SGs
Fluorescence microscopy of both Ars (positive control) and Rsv stained with antibodies to detect
RPS3 (A) or RPS6 (B) proteins (red, right panel images) and G3BP1 (green, left panel images).

Under each graph are the images from the green and red fluorescent filters with a line drawn
through 1-3 SGs, creating the fluorescence data.



Discussion

When a cell is placed under stress, the cell responds by forming RNA- and

protein-containing cytoplasmic aggregates known as SGs. The composition of these stress

granules is dependent on the type of stress placed upon the cells, with our experiment expanding

on previous research, identifying the composition of arsenite-induced SGs. It was previously

identified that Ars-induced SGs are composed of the proteins RACK1, RPS3, eIF3, and TRAF2,

and appear to have anti-apoptotic properties. With recent studies showing SG formation after

exposure to the stilbene drug treatment Rsv, our project aimed to determine if RACK1, RPS3,

eIF3, TRAF2, and similar proteins compose Rsv-induced SGs.

We show that Rsv induced SGs have G3BP1 colocalization with the proteins RACK1,

TRAF2, eIF3a, eIF4E, RPS3 and RPS6. This indicates that the proteins are sequestered into Rsv

formed SGs, similarly to the anti-apoptotic Ars induced SGs. It was seen that the peaks of the

fluorescence graphs for each protein (red) correlated with the G3BP1 line (green) (Figure 4),

meaning the proteins are colocalized in the G3BP1 marked SGs.

TRAF2 had the greatest difference in signal localization within the SG compared to the

surrounding cytoplasm. (Figure 4B). This means there is strong colocalization of TRAF2 in Rsv

SGs. eIF3a/4E (Figure 5) and RPS3/6 (Figure 6) all show signal localization to the SG that is

above the background of the surrounding cytoplasm, though the colocalization represents a small

amount of the total protein detected. These data support at least partial colocalization of eIF3a,

eIF4E, RPS3 and RPS6 at SGs.

There is a slight discrepancy in the Rsv-RACK1 fluorescence graph (Figure 4A) as the

RACK1 line only has very slight peaks corresponding to the G3BP1 line.  This is also seen in the

Ars-RACK1 graph (Figure 4A) as the RACK1 line follows a similar peak pattern to the G3BP1

line, but the fluorescence values for RACK1 are 1500 below those of G3BP1. This could

indicate that the colocalization of RACK1 in Rsv and Ars induced SGs is weaker than what is

seen with TRAF2, eIF3, and RPS3. It could also be that the staining antibody for RACK1 is of

lesser quality than the others, resulting in lower fluorescence values.

There were challenges throughout the experiment that can be avoided in the future. It was

found that the antibody staining for the proteins needs to be high quality in order to stain well

enough to observe under the corresponding filter of the Zeiss Light Microscope Axio Observer



A1. The antibodies being used in the initial experiments did not stain well, making it difficult to

observe the cells under the red microscope filter for RACK1, TRA2, eIf3a/4e and RPS3/6. It was

also found that Rsv stock in solution needs to be replaced monthly to generate stress granules in

cells.

Previous research found that Rsv induces SGs at similar concentration to an Ars

treatment in human HEK293T cells (Amen et al. 2021). This article also showed that Rsv

induces SGs in two other human cell lines: HeLa and U2OS. This information was the

foundation for our experimental trials as it was known that using the U2OS cell line would

produce Rsv induced SGs.

The localization of TRAF2 and RACK1 to Rsv SGs suggests that Rsv SGs may be

anti-apoptotic or cytoprotective under stress conditions. In order to confidently determine

whether Rsv SGs are anti-apoptotic, further research needs to be done. Prolonged observation of

live Rsv treated cells can be conducted to determine if the cells will undergo apoptosis or not.

For anti-apoptotic stress granules, cells that form stress granules should live longer under stress

than cells that do not or cannot form stress granules. Co-staining with apoptotic markers such as

Annexin V could also be used to identify apoptotic cells in response to Rsv treatment.

These results bring us closer to uncovering the therapeutic utility of Rsv. Our

observations that RACK1, TRAF2, eIF3, eIF4E, RPS3 and RPS6 are sequestered into and

colocalize in Rsv SGs permit generation of new hypotheses about the function of Rsv SGs. For

example, TRAF2 is responsible for blocking the pro-inflammatory positive feedback loop (Jiang

et al., 2018). The strong colocalization of TRAF2 in Rsv SGs may suggest potential

pro-inflammatory properties of Rsv SGs, though this remains to be determined. Further research

on the chemotherapeutic resistance and anticarcinogenic properties of Rsv SGs will provide a

clearer picture on how Rsv can be used for disease treatment.
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Appedencies

A. Stress Granule Formation by Resveratrol and Quantitation

Each researcher counted Resveratrol formed SGs using the same blinded slides. There was

variation amongst researchers on the cutoff for what was or was not a stress granule leading to

spread data. From this test, it was found that the researchers needed to be more clear with each

other to determine SG counts.



B. Problem Solving with Antibody Staining Discrepancies



Each researcher examined the staining of the Resveratrol formed SGs and observed problems

such as the staining being too faint. The researchers altered the concentrations of the antibody

staining to attempt to clear up the imaging to be able to image the slides and overlay to find

colocalization.



C. Experiment 1 Trial 2



D. Experiment 1 Trial 3



E. Experiment 1 Trial 6 Antibody Staining

The red channel staining of each antibody with the three treatments, EtOH, Ars and Rsv, was

examined and the qualitative quality of the staining was recorded. The percentage of stress

granules present on each slide was also recorded.


