
After a high throughput RNAi screen, TALK1 appeared to be a 
promoter of  ER exodosis (Figure 2). SH-SY5Y neuroblastoma cells 
expressing either GLuc-ASARTDL or GLuc-untagged were reverse 
transfected with an siRNA to TALK1 using Lipofectamine RNAiMax. 
GLuc-untagged acted as a control reporter because it is constitutively 
secreted and is not affected by ER calcium depletion. The goal of  these 
experiments was to use a TALK1 siRNA, and thapsigargin (Tg) to 
determine how Gluc secretion under basal and ER calcium depleted 
conditions is affected by TALK1 knockdown. Media was collected from the 
cells prior to Tg treatment and 24 hours post treatment. A GLuc assay was 
run on the collected media to quantify the amount of  extracellular GLuc. 
An ATP assay was also performed to examine whether TALK1 siRNA 
affects cell viability.

In order to determine whether the effects of  TALK1 knockdown were 
generalizable to other ER resident proteins or if  they were specific to only 
GLuc-ASARTDL, extracellular levels of  the ER resident protein PDI 
(protein disulfide-isomerase) were studied. Immunoprecipitation (IP) was 
used to isolate PDI from cell culture media, then this purified antigen 
sample was examined by Western blot to quantify how much PDI was 
present in the sample. 
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The purpose of  this project was to determine how knockdown of  the 
TALK1 gene affects ER calcium depletion and the secretion of  ER 
resident proteins (ER exodosis). The data shows that Tg-induced GLuc-
ASARTDL secretion decreased when TALK1 was knocked down, 
confirming the results seen in the high throughput RNAi screen. This 
indicates that TALK1 is a gene that may promote ER exodosis. PDI is an 
endogenous ER protein that is normally secreted under Tg-induced ER 
calcium depletion. However, TALK1 knockdown decreases Tg-induced 
PDI secretion suggesting that endogenous ER resident proteins are also 
subject to regulation by TALK1 expression. 

Given that TALK1 knockdown attenuates ER resident protein secretion 
following ER calcium depletion, TALK1 represents a target for future 
drugs and therapies designed to prevent ER exodosis in diverse diseases 
(ischemia, diabetes, neurodegeneration, cardiovascular disease, etc.). In the 
future, a screen could be developed that would look for drugs that target 
TALK1, allowing researchers to pharmacologically modulate TALK1 and 
possibly ameliorate certain disease symptoms. 

from the TALK1 siRNA treated with Tg (p < 0.001, µ = 5.224, n = 22). 
Cells expressing GLuc-untagged showed no change in GLuc expression, 
suggesting that TALK1 does not affect constitutive secretion (p = 0.9988, µ 
= -0.0069, n = 18). An ATP assay confirmed that the TALK1 siRNA did 
not reduce cell viability (p = 0.8254, µ = 3693, n = 18). 

After IP and Western blot, a densitometry analysis was performed to 
show that TALK1 knockdown decreased Tg-induced PDI secretion. Under 
vehicle conditions PDI maintains its ER localization, however following ER 
calcium depletion with Tg, PDI is secreted into the media. TALK1 
knockdown attenuates Tg-induced PDI secretion (Figure 3). 

The endoplasmic reticulum (ER) contains proteins that carry out its 
diverse functions, including protein folding, modification, and trafficking. 
When ER calcium is depleted, there is a mass redistribution of  these 
normally ER resident proteins to the extracellular space, a phenomenon 
called ER exodosis (Tychta et al., 2018). ER calcium depletion has been 
associated with numerous pathologies including ischemia, diabetes, 
neurodegeneration, and cardiovascular disease. Examining these conditions 
in the context of  ER exodosis could contribute to the understanding and 
treatment of  these diseases. 

Historically, ER calcium has been difficult to measure, but the Harvey 
lab created a Gaussia luciferase (GLuc) based luminescent reporter that 
allows for longitudinal monitoring of  ER calcium depletion (Henderson et 
al., 2014). This reporter, GLuc-ASARTDL (alanine-serine-alanine-arginine-
threonine-aspartic acid-leucine), is localized to the ER lumen, but following 
ER calcium depletion, GLuc-ASARTDL is secreted from the cell (Figure 
1). Thus, GLuc-ASARTDL acts as a marker of  both ER calcium depletion 
and ER exodosis. 

One way to identify modulators of  ER exodosis is to examine how 
GLuc-ASARTDL secretion is affected by RNA interference (RNAi). RNAi 
is a mechanism of  gene silencing in which small interfering RNAs (siRNAs) 
reduce the expression of  specific genes by degrading mRNA after 
transcription, preventing translation and ultimately inhibiting gene 
expression (Dana et al., 2017). Genes that when knocked down by siRNA 
result in a decrease in extracellular GLuc-ASARTDL following ER calcium 
depletion are categorized as genes that promote exodosis, providing that 
there is no change in cell viability. The gene TALK1 encodes for a protein 
that is a potassium channel. The purpose of  this project was to determine 
how the TALK1 gene affects ER exodosis. 

Cells expressing GLuc-ASARTDL showed a decrease in Tg-induced 
GLuc secretion when TALK1 was knocked down (Graph 1) suggesting that 
TALK1 is a modulator of  ER exodosis. A two-way ANOVA was used to 
show that the control siRNA treated with Tg was significantly different 

Graph 1 (left): TALK1 
knockdown does not 
affect basal GLuc-
ASARTDL secretion, 
however TALK1 
knockdown decreased 
Tg-induced GLuc-
ASARTDL secretion. 
Constitutively secreted 
GLuc (GLuc-untagged) 
is not affected by 
TALK1 knockdown or 
thapsigargin treatment.
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Figure 1 (above): GLuc-ASARTDL is localized to the ER lumen and secreted from the 
cell in response to ER calcium depletion. When thapsigargin (Tg) is used to block the 
SERCA channel calcium can no longer get into the ER, inducing ER calcium depletion. 

Figure 2 (above): Representation of  how GLuc-ASARTDL 
secretion can be affected by gene knockdown in the presence 
of  ER calcium depletion through Thapsigargin (Tg). 
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Figure 3 (left): Western blot results show that PDI is secreted 
under calcium depletion (Tg conditions) but is attenuated by 
TALK1 knockdown. The PDI band is on the top (57 kDa) and 
the IgG band is on the bottom (51 kDa). The intensity of  the 
band reflects how much PDI is present in the sample. 
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