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Abstract 

Stress Granule Composition in Tau Knockout and Wild-Type Primary Cortex Neurons 

Max Pushkin 

 

Tau is a protein that is heavily implicated in neurodegenerative disease and Alzheimer’s disease 

specifically. Its function is to stabilize tubulin subunits in microtubules and is mediated by 

phosphorylation levels. Additionally, Tau is intimately tied with the functioning of structures 

known as stress granules. Stress granules form as transient structures during times of cellular 

stress, aggregating non-translating mRNAs and RNA-binding proteins through a glycine-rich 

domain. In pathological states, stress granules do not disperse and allow for the cell to resume 

normal function. In this study, primary cortex neurons were stained for the RNA-binding 

proteins PABP, EWSR1, and eIF3 in Tau knockout and WT cells. From there, the cells were 

imaged through various channels to observe the effect of Tau knockout on RNA-binding protein 

metabolism and stress granule number. Cells were treated with known stressors DBeQ and 

sodium arsenite that have been shown to increase stress granule formation. Experimental groups 

were treated with either 0, 2, 4, or 8 µM DBeQ. The images reveal that Tau is highly linked to 

stress granule formation as the Tau knockout groups did not produce stress granules or produced 

limited amounts of stress granules, even when treated with high concentrations of DBeQ and 

sodium arsenite. 
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Neurodegenerative Disease  

Neurodegenerative disease affects thousands of people in the United States and around 

the world, and is a devastating reality for countless people and families. Of the various 

neurodegenerative diseases, Alzheimer’s disease is the most common, currently affecting five 

million Americans. The foremost impact of this disease is a steady deterioration of neurons in the 

brain and spinal cord. Over time, symptoms worsen and can impact both motor and cognitive 

function. (“The Challenge”). Alzheimer’s disease specifically is distinguished by two hallmark 

features. The first of these features is plaques of beta-amyloid, which are seen in the extracellular 

environment. The second feature is neurofibrillary tangles, which are composed of the protein 

microtubule-associated Tau (Murphy et al., 2010).  

Tau 

Tau is a main feature of this research and one of the main experimental targets that were 

studied. In normal  settings, Tau is a natively unfolded, hydrophilic protein, with many charges, 

such that it lacks the normal folding sequences seen in most proteins, allowing Tau to be quite 

flexible in its binding patterns. For it example, it binds to α-synuclein, ubiquitin, and dynactin 

among countless other partners. Mutation greatly weakens the ability of Tau to bind to its 

individual partners. The function of Tau is to stabilize microtubules within cells (Mandelkow and 

Mandelkow, 2012). Microtubules are tasked with aiding movement, supporting cellular structure, 

and facilitating intracellular transport (“Structures and Functions”). They are composed of 

tubulin subunits, which are bound and self-assembled by Tau. Additionally, Tau is generally 

localized within neurons, which is applicable to its involvement in neurodegeneration 

(Mandelkow and Mandelkow, 2012). Tau’s activity is mediated by cellular levels of 

phosphorylation. In normal adult brains 2-3 moles phosphate per mole of Tau protein is 
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generally observed. However, in disease states, misfolded forms and some transient settings, Tau 

becomes hyperphosphorylated three-to-fourfold, which destabilizes the structure of Tau. This 

allows for it to be free to aggregate.  

In Alzheimer’s disease settings, Tau is polymerized to form paired helical filaments 

(PHF) and straight filaments (SF), which constitute neurofibrillary tangles. These tangles are 

able to gather normal Tau and other microtubule-associated proteins. This process promotes self-

assembly of PHF/SF and is often accompanied by oligomerization in the cytosol (Iqbal et al., 

2010; Mandelkow and Mandelkow, 2012). In the various neurodegenerative diseases in which 

Tau is implicated, which include frontotemporal dementia (FTD) and Alzheimer’s disease (AD), 

Tau pathology is initiated through the propagation of Tau aggregation. In a 2012 study, it was 

revealed that intracellular tau was transported from cells into medium and then was found in co-

cultured cells. When these aggregates of Tau were internalized, it caused the fibrillization of 

intracellular Tau through a mechanism of protein-to-protein contact. When an anti-Tau 

monoclonal antibody was used, Tau aggregation was eliminated as the antibody trapped fibrils of 

Tau in the extracellular space. So, when Tau misfolding is transmitted across cells, the overlying 

mechanism of control is the release and uptake of  fibrils that induce the misfolding of 

subsequent Tau (Kfoury et al., 2012). This process of misfolding is a sequence in which 

misfolded monomers turn to oligomers and later turn to fibrils. This occurs by mass action and 

energy minimization (Jarrett and Lansbury, 1993; Dobson et al., 2003). 

RNA-binding Proteins and Stress Granules 

 During times of cellular stress, whether it be heat shock, oxidative stress, or another 

stress, the cell aims to conserve energy. As a result, cells will only produce essential survival 

proteins and not more specialized ones until the stress has subsided and the cell is repaired. This 
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leads to the sequestration of non-translating mRNAs and proteins known as RNA-binding 

proteins into structures called ribonucleoprotein granules (RNPs). These RNP granules are 

created in a rapid manner in order to decrease mRNA damage during this times of cellular stress. 

There are two main forms of RNP granules, called processing bodies (P-bodies) and stress 

granules (SGs) (Li et al., 2013). P-bodies are tasked with silencing and degrading mRNA (Ash et 

al., 2014). SGs on the other hand are tasked with limiting translation initiation and are comprised 

of mRNAs linked to translation initiation factors as well as RNA-binding proteins (RBPs) 

(Buchan et al., 2013). In SGs, a form of regulated aggregation occurs in which SG-link RBPs 

bind to and sequester non-translating, non-essential mRNA (Ash et al., 2014). Both SGs and P-

bodies are tied to mRNA degradation, nonsense-controlled decay, miRNA functionality, viral 

replication, and cell signaling (Buchan et al., 2013). The structures are also transient and are 

formed and disassembled in a rapid manner in normal cellular conditions.  

For this research, SGs will be observed due to their linkage with neurodegenerative 

disease pathology. SGs accumulate due to RBP aggregation through their glycine-rich domain. 

800 proteins in the RBP family have glycine-rich domains and RNA-recognition motifs (RRMs) 

(Wolozin, 2012). Glycine-rich domains are fundamentally unstructured and create structural 

elements when they complex with different proteins (Rogelj et al., 2011). These domains are 

prion-like and gain a reversible nation, permitting rapid disassembly, and continued normal 

functioning (Li et al., 2013). As a result, RBPs have a variety of functions in the cytoplasm and 

in the nucleus. Its cytoplasmic functions include regulating RNA transport, silencing, translation, 

and degradation, while its nuclear functions include regulating mRNA maturation, splicing, RNA 

helicase functionality, RNA polymerase elongation, and nuclear export (Rogelj et al., 2011). In 

normal cell conditions, RNP granules will use the reversibility of their prion-like domains to 
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rapidly disassemble. This send mRNA back into the cell to be translated as it would be normally 

(Li et al., 2013). The assembly of stress granules can begin as soon as minutes before exposure to 

stress, and can be dissolved after about one-to-three hours (Kedersha et al., 1994). The normal 

formation of SGs begins eukaryotic initiation factor 2α (eIF2α) at the position serine 51 (S51), 

which complexes with Met-tRNAi
Met. This process is mediated by kinases as dictated by the type 

of environmental stress in the situation. Capped mRNAs which are bound to pre-initiation 40S 

ribosomal complexes with other translational factors are targeted to SGs. Following this, mRNAs 

bound by SG-nucleating RBPs are targeted to SGs. The maturing process for SGs continues in 

which more RBPs enter complexes from the cytoplasm. This includes many RBPs that are 

disease-linked. This process is specific, meaning that RNA transcripts targeted to SGs are based 

on the type of stress whether it be heat shock, oxidative stress, or another form of stress. Their 

dissociation is then controlled by eIF2α S51 dephosphorylation. The main point of this, however, 

is that normal RBP function does not occur in what are known as pathological stress granules. 

Tau, whose mutated form in neurofibrillary tangles is a hallmark of AD, has a pathology often 

linked with increased stress granule size that is constant in pathological circumstances. In culture 

it has been shown that many RBPs that are mutated in disease are associated with SGs. These 

mutations that affect RBP metabolism and are involved in SG dynamics play a large role in the 

development of neurodegenerative disease. As a result, mutated RBPs decrease the ability of 

stressed neurons to clear SGs (Ash et al., 2014). These pathological inclusions have implications 

in numerous neurologic diseases (Wolozin, 2012; Vanderwyde et al., 2013).  

One notable RBP is Tar DNA binding-protein-43 (TDP-43), whose mutations lead to 

motor neuron diseases. This proteins creates protein aggregates in ALS, is seen in frontotemporal 

dementia (Wolozin, 2012). It was also shown that TDP-43-controlled mRNA metabolism by 
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interfacing with RBPs that are associated with RNA granules. Much of the localization was seen 

with SGs. Disease-linked mutations in TDP-43 revealed increased accumulation due to stress 

(Liu-Yesucevitz et al., 2010). In functional forms of TDP-43, the protein allows for the creation 

of cytoplasmic mRNP granules that in neuronal settings promote the movement of target mRNA. 

However, this can not occur with disease-linked mutations (Alami et al., 2014). TDP-43 has also 

been shown to be linked with FUS/TLS, another RBP, in a pathogenic manner in ALS models. It 

has been hypothesized that the two RBPs could be an interface with genetic susceptibility and 

environmental stress in disease (Ling et al., 2010; Aulas et al., 2015).  

Another major RBP that is heavily involved in SG dynamics is TIA-1. Recruitment of 

RBPs to SGs is mediated by a set of other RBPs which include TIA-1, G3BP, eIF3, and PABP. 

TIA-1 specifically, along with another RBP TIAR, facilitate the initial eIF2α complex being 

assembled into the cytoplasmic inclusions that are SGs. As a result, TIA-1 and TIAR are able to 

manage the frequency at which mRNA transcripts are sorted for translation/triage. TIA-1 moves 

between the cytoplasm and nucleus and shuttles mRNA to SGs. In addition to these abilities, 

TIA-1 and TIAR are able to act as selective regulators of alternative mRNA splicing (Anderson 

and Kedersha, 2002). TIA-1 is seen to co-localize with neuropathological hallmarks in AD, FTD, 

ALS, Huntington’s disease, Creutzfeldt-Jakob disease, and spinal muscular atrophy (Wolozin, 

2012; Vanderwyde et al., 2013). One of the most important aspects of TIA-1 has to do with its 

interaction with Tau. It has been shown that Tau interacts with TIA-1 in the brain, controlling its 

distribution. Tau also increases the formation of SGs. It was shown that when TIA-1 was 

knocked down or knocked out, tau misfolding did not occur. As well, no larger Tau toxicity was 

seen in the hippocampal neurons which were cultured in this case. Conversely, when TIA-1 was 

overexpressed, Tau misfolding was rampant and neurodegeneration occurred. This revealed that 
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the metabolism of TIA-1 and SG dynamics are heavily tied to Tau (Vanderwyde et al., 2016). In 

this study, the RBPs EWSR1, eIF3, and PABP were observed. EWSR1 is associated with mRNA 

transport and loss of Tau stops the normal binding of TIA-1 to EWSR1, which is in the core 

network of TIA-1 (Vanderwyde et al., 2016). eIF3 is a eukaryotic initiation factor and PABP 

(Poly(A)-binding protein) is a small ribosomal subunit. Together, these proteins in the 48S 

complex along with stalled mRNA transcripts allow for SG assembly with a network of protein 

and protein-RNA interactions (Fan and Leung, 2016). Thus, they represent core SG proteins that 

can be imaged in order to track SG dynamics and as a result RBP metabolism in wild type (WT) 

mice and Tau knockout (KO) mice. 

Purpose 

In previous research and specifically in the Vanderwyde et al. paper from 2016, Tau has 

been shown to be intimately tied to SG dynamics and RBPs. Tau is able to mediate the TIA-1 

binding proteome in a profound way. Most research has been aimed at altering RBPs and not 

Tau itself. TIA-1 has been overexpressed and knocked out and its effects on Tau have been 

observed. However, knocking out Tau has not been observed in effect. Thus, this study aims to 

answer the question of what effect Tau KO will have on RBP metabolism in SGs. The null 

hypothesis for this study is that Tau KO will have no effect on RBP metabolism as compared 

with WT cells. The hypothesis is that Tau KO will lead to altered RBP metabolism as compared 

with WT cells. 

Methods and Materials 

Dissection and Neuronal Plating  

This research involved six major procedural items. The first of which was sacrificing 

mice and plating primary cortex neurons from these mice. WT mice and Tau KO were ordered to 
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the lab for sacrificing. These mice were all pregnant such that the litters of pups could be 

sacrificed as well at postnatal day 0 or 1 (P0/P1). Once all pups were sacrificed and the brains 

have been dissected, the primary cortex from each individual pup were dissected and moved to a 

15mL cone-tipped Falcon tube on ice to bring the total volume of the tube containing a 

supernatant to 4.5 mL. From that point 0.5 mL of 2.5% Trypsin-EDTA was added. This was then 

incubated at 37C for 15 minutes. The supernatant was removed in a careful manner to not disturb 

tissue in the tube. 5 mL of dissection buffer was added and mixed in allowing for the tissue to 

sink back to the bottom of the falcon tube. This process is repeated three times. Following this 

process, 1.8 mL of plating media is added and then triturated gently ten times with a glass 

pasteur pipet. This is repeated for five-to-ten triturations with a glass-polished pipet. The next 

step was to pass all cells through a 70 µL cell strainer and then into a 50 mL conical tube in order 

to rid the solution of clumps and debris. The cells are then plated into Poly-L-lysine coated glass 

coverslips and moved to a 37C incubator with 5% CO2. Following two-to-four hours of 

incubation the plating media is removed to stop glial growth and maintenence media is added. 

The cells are moved back to the incubator. In order to maintain the cells during imaging 

procedures, one-half of the media was replaced approximately every three days. 

ICC Protocol 

 In order to image cells and observe how RBP metabolism was altered in Tau KO mice 

and WT mice, the cells needed to be transfected with antibodies for imaging. In individual 

batches of cells, certain antibodies were used for the RBPs eIF3, PABP, TIA-1, and EWSR1. 

The protocol for antibodies and subsequently fluorescent staining is the ICC protocol. This 

protocol requires specific concentration of antibodies in order to maintain the best imaging. 

Thus, testing was completed to optimize conditions. Concentrations of 1:200-1:1200 were used. 
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In addition, this is the step in which stress granules were induced using known stressors. As Tau 

is intimately tied to SG dynamics, its knockout should in theory inhibit or greatly reduce stress 

granules production even in the presence of stressors. The two stressors used in this study were 

DBeQ and sodium arsenite (NaAsO2). DBeQ inhibits valosin-containing protein (VCP) function, 

which is tied to SG dynamics allowing for the clearance of SGs. Endogenous VCP is known to 

localize in SGs during times of stress, permitting the protein to function. DBeQ on the other hand 

has been shown to inhibit VCP-mediated SG clearance. It increases the SG phenotype as well as 

increases Tau/TIA-1 positive clusters (Brunello et al., 2016). In working with DBeQ, different 

concentrations ranging from 0-8 µM (0, 2, 4, 8) were used for WT and Tau KO cells. DBeQ 

works as a cell stressor in accordance with NaAsO2. NaAsO2 induces oxidative stress, which in 

turn causes increased stress granule production. NaAsO2 was not used in varying concentrations 

and was used in an amount that sufficiently covered cells in the well plate. 

 In the first step of the ICC protocol, cells were fixed and stored in sodium azide for 

preservation, which in turn induced cellular stress. Following this, cells were permeabilized in 

0.5 mL of purified buffer solution (PBS) and 0.1% Triton X-100 for 15-30 minutes. Triton X-

100 is a solution that pierces holes in the membranes of cells to allows for the antibodies and 

fluorophores to enter and affect the cells themselves. All cells are then washed three times in 

PBS for three minutes each. The next step involves in blocking cells in 0.5 mL of PBS and 10% 

normal Donkey Serum (NDS) for one hour. This step blocks off parts of the cell that aren’t 

necessary for this study. Following this, the cells are incubated in primary antibodies that are 

diluted in PBS and 5% NDS. The cells are stored overnight at 4C in a makeshift humidifier made 

from kimwipes and parafilm. There was a primary antibody for each individual RBP that was 

studied as well as other makers. 200 µL of solution was inserted into each well, and the amount 
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of antibody in this solution differed based on established concentration. For EWSR1, 6.5 µL of 

the antibody 1:300 polyclonal Rabbit-anti-EWSR1-ab93857 was used along with 193.5 µL of 

5% NDS solution. For eIF3, 5.9 µL of 1:350 polyclonal Goat-anti-eIF3-16377 was used along 

with 194.1 of 5% NDS solution. Another protein that was stained was microtubule-associated 

protein 2 (MAP2). This protein, when attached to a fluorophore is able to act as a marker for 

neuronal cells to ensure that images of stress granules lie within the domains of a neuron. 

Following primary antibody incubation, cells are washed three times with PBS and incubated to 

secondary antibodies. Secondary antibodies carry fluorophores, which light up when its 

characteristic wavelength of light shines on it. The secondary antibody is diluted in PBS and 

incubated for one hour at room temperature. For Dylight-conjugated antibodies, a 1:700 dilution 

was used. To prevent light from shining on the cells and activating the fluorophores after the 

attachment of the secondary antibodies, aluminum foil is placed on top of the well plates for the 

rest of the protocol. The cells are then washed once in PBS for ten minutes. The next staining 

that occurs is DAPI. DAPI allows for nuclei staining permitting the quantification of cells and 

nuclei and imaging. For this process, cells are incubated in DAPI diluted 1:10,000 in PBS-T, 

which is 5 mg/mL of stock solution. The cells are then washed two more times for ten minutes 

and coverslips are mounted on glass microscope slides with 8-10 µL Prolong Gold Antifade 

mounting media per coverslip. The slides then sit in the fume hood to dry and are sealed with 

nail polish. 

Cellular Imaging 

 In imaging cells, the goal was to obtain pictures of cells stained for PABP, EWSR1, and 

eIF3. For each experimental group, which was the Tau KO group, cells were either treated with 

0, 2, 4, or 8 µM DBeQ for 24 hours. The same treatments were applied to Tau WT cells stained 
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for the same RBPs. According to the hypothesis, SGs should be much less prevalent in Tau KO 

cells, as Tau has been shown to be a dynamic part of SG assembly. For the process of imaging, a 

Zeiss upright microscope was used along with the ZEN software, which would shine the 

characteristic light needed to image each well. Wells were imaged through five different 

channels. The first image taken is through the TL DLC channel, which shows a brightfield image 

of the field of view. The second is the DAPI channel. This shines a blue light on individual wells 

and reveals images of nuclei. The third image is the EGFP channel. This is for green fluorescent 

protein, which shines a green light on the field of view revealing the presence of a specifically 

stained RBP. The fourth channel is Dy-590, which stains a second RBP and shines a red light on 

a field of view. The final channel is Alexa Fluor 647. This channel shines a pink light on a well 

in order to activate the fluorophore for the MAP2 protein, which reveals if cells are neurons are 

not. When images are taken on the microscope, a merged image is also shown, which is a mix of 

all channels together. 

 Two large sets of images were taken for each RBP with different staining in each. The 

first set eIF3 was stained green, while PABP was stained red. In the second set of images 

EWSR1 is stained red, while eIF3 is stained green.  

Results 

 As shown by both sets of images, Tau is intimately tied to the functionality and formation 

of stress granules. Without its presence, which was the case in the knockout set, stress granules 

cannot consolidate RBP’s into transient stress granules. As a result, RBPs are present when Tau 

is knocked out, but it cannot be brought to form granules with structural integrity. These effects 

were analyzd through a comparison of DBeQ treatment groups between WT primary cortex 

neurons and Tau KO primary cortex neurons. 
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Figure I: This figure demonstrates eIF3 
inclusion in WT and Tau KO neurons 
with treatments of 0, 4, and 8 µM 
DBeQ. The images were taken through 
the EGFP channel. 

Image Set I 

 This set was 

analyzed using the EGFP 

channel, which stained eIF3, 

an RBP part of a  
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Figure II: This figure demonstrates eIF3 
inclusion in WT and Tau KO neurons 
with treatments of 0, 4, and 8 µM 
DBeQ. The images were taken through 
the DAPI channel to stain nuclei. 

group that mediates the recruitment of other RBPs into the cascade assembly in SGs (Anderson 

and Kedersha, 2002). Although images were taken for the 2 µM DBeQ treatment for WT 

primary cortex neurons, data was not present for KO cells in this group. However, using the 

control (0 µM DBeQ), 4 µM DBeQ, and 8 µM DBeQ groups, the effect of Tau KO could be 

studied.  

In Figure I, these three experimental groups were compared side-to-side to showcase 

marked differences overall in stress granule composition through the eIF3 domain. Although the 

differences are slight in the 0 µM DBeQ as cells only receive stress from the NaAsO2, stress 

granules can be observed outside of the nucleus into the processes of the neuron on both sides. 

This can be confirmed by looking at spots seen to the left and right of the brightest are of the 

neuron. When compared with 

Figure II, which shows the 

same images as Figure I, but 

through  
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Figure III: This figure demonstrates 
eIF3 inclusion in WT and Tau KO 
neurons with treatment of 4 µM DBeQ. 
The images were taken through the 
EGFP channel and a merged channel. 

 

the DAPI terminal, the presences of stress granules can be further confirmed as the 

brightest area on the neuron is the nucleus and the dots extending into the processes do not 

appear through DAPI. As a result, they are cytoplasmic inclusions consisting of eIF3, a stress 

granule protein. When compared with the 0 µM DBeQ treatment for the KO cells, no such 

aggregations can be observed. This can verified again using Figure II in order to showcase large 

clumps of blue light on the left side of the image, which signifies nuclear aggregation of neurons, 

not stress granules. 

 

 

 

 

 

 

 

 

 

The 

differences between WT and Tau KO cells for the 4 µM DBeQ treatment can best be observed in 

Figure III. This figure places the images for the 4 µM DBeQ treatment side-to-side using the 

EGFP channel and the merged channel. The merged channel allows for visibility of both DAPI 

and MAP2, a fluorophore that signifies the presence of neuronal structures. This set of images 

involves larger levels of cellular stress due to the increased DBeQ concentration, and as a result, 
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more stress granule hotspots can be observed. In the WT image, stress granules are seen to be 

present at a relatively normal level in the processes of the neurons. This can be confirmed by the 

merged image, which shows that in the areas where stress granules are pointed out, they were not 

mistaken for nuclei or a non-neuronal cellular structure. The MAP2 aids in this process by 

confirming that any circled area is in fact neuronal. When compared to the KO image, there do 

seem to be some instances of stress granule-like structures. However, the KO image is primary 

clumped areas of nuclei, with eIF3 dispersed throughout. This again ties back to the idea of stress 

granules largely being mediated by the actions of Tau. 

The final experimental group in the first set, 8 µM DBeQ can best be observed in Figure 

I. For the WT image, stress granules can be observed outside of the nucleus in the cytosol. This 

can be confirmed using Figure II for DAPI, which demonstrates that stress granules are seen 

between concentrated nuclei. When compared to the KO image, stress granules are seemingly 

not present. The area demonstrated to contain eIF3 is so bright it seems as though the cells may 

have died. This is because the level of cellular stress is so high that the cells had no way to 

consolidate that stress into a tangible manner as the WT cells could do. This possibility is also 

demonstrated in Figure II, which demonstrates that numerous nuclei are concentrated together in 

a small area, with little room for the cytosol or other cellular structures. 

 Image Set II 

 This set of images was analyzed using the DY-590 channel, which stained the RBP 

PABP, which is an RBP that acts as a small ribosomal subunit (Fan and Leung, 2016). In this set, 

WT images were observed for 0, 2, 4, and 8 µM, while KO images were also observed for 0, 2, 

4, and 8 µM. This comparison allows for a more thorough approach in assessing the effects of 

Tau KO. 
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Figure IV: This figure demonstrates 
PABP inclusion in WT and Tau KO 
neurons with treatments of 0, 2, 4, and 8 
µM DBeQ. The images were taken 
through the DY-590 channel. 

 

 

 

 

 

 

 

 

 

 

 

 

 For the control (0 µM DBeQ group) in WT cells, stress granules can be observed clearly 

extending into the processes in Figure IV. This shows that PABP aggregated into granular 

structures in response to the stressor NaAsO2. When compared to Figure V, the presence of 

stress granules can be validated. This image shows the same cells seen in Figure IV, but through 

the DAPI channel. Therefore, the processes are not disguised nuclei and the stress granules are 

composed of RBPs and non-translating mRNAs. The KO neurons for 0 µM DBeQ on the other 

hand does not showcase large-scale SG composition. This image is particularly intriguing in that 

from Figure IV, it seems as though stress granules are present as red dots. However, when 

looking at Figure V, this is not the case. These dots were small localized nuclei that appeared 

through the DAPI channel. As well, this image included large amount of cellular debris, which 

can obfuscate the interpretation of these results. 
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Figure V: This figure demonstrates 
PABP inclusion in WT and Tau KO 
neurons with treatments of 0, 2, 4, and 8 
µM DBeQ. The images were taken 
through the DAPI channel to showcase 
nuclei. 

 The experimental treatments for 2 µM DBeQ showcased the same phenomenon that has 

been seen throughout. In the WT image, although slightly blurry, stress granules can be observed 

in the processes of the neuron. Outside of the nucleus, which can be observed in Figure V, stress 

granules are shown in the thin extensions 

that protrude from the bright nucleus. This 

again makes  

 

 

 

 

 

 

 

 

 

 

 

 

sense in the context of the treatment as DBeQ promotes cellular stress. The KO image 

conversely is defined by aggregated nuclei and a lack of stress granules. However, in one 

neuronal segment, structures that look like stress granules are present. This could be due to 

cellular debris or a possible experimental error in the treatment. 
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 The next treatment, 4 µM DBeQ, showcases large pockets of stress granules for WT 

cells. Since this treatment involves a higher concentration of DBeQ, and thus more cellular 

stress, this outcome is expected. When comparing the image of these cells in Figure IV with its 

correspondent image through the DAPI channel, the large-scale presence of SGs can be 

validated. The nuclei only constitute a small portion of the cellular area that is seen in the image 

of the cells through the DY-590 channel. As a result, stress granules can be seen in the processes 

of these neurons. The KO image is similar to that of the 0 µM DBeQ KO image. This is because 

the cell does seem to have granular-like structures, but when compared to the DAPI channel in 

Figure V, this is not the case. Small nuclei clumped together in a fashion that feigned the 

appearance of stress granules. 

 The final experimental group in the second set, 8 µM DBeQ showcases a similar 

phenomenon to the rest of the set. In the WT images, outside of the nuclei the presence of 

granular PABP shows that stress granules are present in response to the increased concentration 

of DBeQ. The KO images or this set demonstration large-scale aggregation of nuclei into a 

single structure. This creates a bright image for the DAPI channel in Figure V with some cellular 

debris in the lower half of the image, as shown in Figure IV. 

 Discussion and Conclusion 

 Based on the images shown in this study, the hypothesis that Tau KO will lead to altered 

RBP metabolism as compared with WT cells seems to be confirmed. By looking at eIF3, PABP, 

and EWSR1 a generally holistic approach could be taken by looking at individual RBPs. The two 

sets of images returned similar results in terms of altered RBP metabolism. The general outcome 

was that in WT cells, as the concentration of DBeQ increased from 0 to 2, 4, and 8 µM, more 

stress granules appeared in the processes of neurons. This was again confirmed by the images 
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shown with the DAPI channel. Using DAPI and EGFP as exemplar channels gave a better look 

into the dynamics of the RBPs. The merged channel was used in Figure III, but overall, these two 

channel were chosen as they gave a more stark perspective of what constituted a stress granule 

and what was a nueli or some debris. When looking at the trends of the KO cells, the hypothesis 

again hold up. Compared with the WT cells, the KO cells had wildly altered RBP metabolism. In 

general, as the concentration of DBeQ increased, RBP did not assemble into stress granules. As 

well, increasing concentrations of stress granules led to an increased rate of nuclear aggregation, 

in which the nuclei of various neurons would clump together in structural components. This 

clumping could be a sign of dying neurons. It is possible that as stress increased on the neurons 

through larger concentrations of DBeQ, the neurons began to die due to an inability to handle 

that stress level. As a result, the nuclei of these neurons clumped together in a large fashion. 

 These trends point to an extremely important role for Tau in stress granule composition, 

formation, and processes. The differences that were seen in the KO group seemingly add to this 

assessment that Tau is instrumental in every aspect of stress granules. Much of the previous 

literature took the approach of altering RBPs to see its effect on Tau. Many of these studies have 

involved TIA-1, another important RBP that has been involved in Tau. This study detached TIA-

1 in order to observe Tau directly and take note of its effects on the RBPs eIF3, PABP, and eIF3.  

 Improvement to this study, however, could have been made. The most striking issue is 

the small sample size. In order to make a more accurate generalization of the effects of Tau KO 

on RBP metabolism, more images should have been taken. Due to time constraints and the 

amount of time required to prepare each set of neurons, only two sets were captured. As well, 

more RBPs could have been stained. Only three were observed in this study, but there are 

numerous other RBPs that are important to stress granule dynamics and could have been 
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included in this study if it were possible. Another improvement could be in the presentation of 

data. Although numerical backing for the effect of Tau KO on RBP metabolism is not present, 

results  can still be validated. However, using a program such as IMARIS/BITPLANE or ImageJ 

could have been used to quantify stress granules and develop a percent difference in SGs for WT 

and KO cells. These were attempted, but the programs did not respond well to the images. In the 

future, a study could involve a quantitative approach to this data in order to forge firmer links 

between Tau KO and altered RBP metabolism. Overall, however, the study is able to capture the 

link between Tau and stress granules in a definitive manner. It showcases how essential Tau is to 

the formation of stress granules. As shown through the demonstrated fluorescent channels, Tau 

KO does have large qualitative impacts on RBP metabolism. 

  This study overall was able to capture the essence of how Tau impacts RBP 

metabolism within the context of stress granules. By knocking out Tau, its effects were seen in 

contrast with WT primary cortex cells. These effects were seen within the context of RBP 

metabolism for PABP, EWSR1, and eIF3. This study fits into the wider scope of Tau and SG 

research that looks at the impact of the reversible aggregation of the SG pathway in the context 

of tauopathies and neurodegeneration. Reversible aggregation may become an important target in 

the future as continued research expands upon the sturdy foundation of stress granule research. 
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