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This project was conducted in Thomas G. McWilliams laboratory in Biomedicum Helsinki. 
The purpose of the project was to establish an assay to detect endoplasmic reticulum (ER) 
stress and observe if a novel compound FI0612 induces it on an inositol-requiring enzyme 
1 (IRE1) signalling pathway. The detection was based on splicing of XBP1 mRNA caused 
by ER stress.   
 
Two different human derived cell lines were cultured and treated with FI0612 and control 
compounds. After given time, RNA was extracted from the cells. cDNA was synthesized by 
reverse transcription. XBP1 gene was amplified using polymerase chain reaction (PCR). 
Products were analysed using agarose gel electrophoresis (AGE). Quantitative polymerase 
chain reaction (qPCR) was used to detect other transcripts related to ER stress, from differ-
ent signalling pathways.  
 
The control compounds functioned as expected and the assay was functional. FI0612 did 
not cause IRE1-mediated ER stress in any conditions used during the project. qPCR exper-
iments showed that other ER-stress related transcripts are present in FI0612-treated cells. 
A protocol of the assay was written for the laboratory for future use. 
 
The assay was reproduced several times and was considered reliable. Method optimization 
was performed during the project, especially for the AGE. 
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Tämä projekti toteutettiin Biomedicum Helsingissä Thomas G. McWilliamsin laboratori-
ossa. Projektin tavoitteena oli tuottaa menetelmä endoplasmakalvoston (ER) stressin ha-
vaitsemiseen sekä tutkia, aiheuttaako yhdiste FI0612 sitä IRE1-proteiinin säätelemällä re-
aktioreitillä. Havaitseminen perustui ER-stressin aiheuttamaan XBP1-mRNA:n silmukoin-
tiin. Pohjana projektissa käytettiin toisen laboratorion käytössä ollutta protokollaa. 
 
Kahta eri viljeltyä ihmissolulinjaa käsiteltiin FI0612:lla sekä kontrolliyhdisteillä. Tietyn ajan 
kuluttua RNA eristettiin soluista. RNA:sta syntetisoitiin cDNA:ta käänteistranskriptiolla. 
XBP1-geeni amplifioitiin polymeraasiketjureaktiolla (PCR). PCR-tuotteet analysoitiin aga-
roosigeelielektroforeesilla (AGE). 
 
Kontrolliyhdisteet toimivat odotetusti ja menetelmä todettiin toimivaksi. FI0612 ei aiheutta-
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protokolla laboratoriolle myöhempää käyttöä varten. 
 
Menetelmä toteutettiin kokonaisuudessaan useita kertoja ja todettiin luotettavaksi. Mene-
telmää optimoitiin projektin aikana, erityisesti AGE:n osalta. 
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1 Introduction 

Proteins are molecular machines that facilitate reactions fundamental to cellular life and 

death.  Proteins are synthesized from mRNA in ribosomes and targeted to the endoplas-

mic reticulum (ER) for subsequent “post-translational modifications” (PTMs) that influ-

ence their activity, localisation and function. Aside from its role in protein synthesis and 

folding, the ER is a multi-faceted organelle that has diverse functions including protein 

folding, glycosylation and protein secretion. The accumulation of unfolded proteins in the 

ER leads to its dysfunction and cytotoxic cell stress. Such “ER stress” leads to loss of 

protein homeostasis (proteostasis) and activates specific signal transduction pathways 

that target disposal of the unfolded proteins, or trigger apoptosis if this is not possible [1]. 

There are three so-called “arms” of the ER stress response, initiated by distinct proteins: 

Inositol-requiring enzyme 1 (IRE1), protein kinase R (PKR)-like endoplasmic reticulum 

kinase (PERK) and activating transcription factor 6 (ATF6). Failure to degrade accumu-

lated proteins leads to apoptosis (programmed cell death) mediated by CHOP, a down-

stream protein target of the PERK pathway. Collectively these pathways are also known 

as the unfolded protein response (UPR). The UPR has been extensively associated 

with diverse disease states, including neurodegeneration, cancer, diabetes and cardio-

vascular disease. The IRE1 regulated pathway includes splicing of XBP1 mRNA. XBP1 

is a transcription factor that regulates type II major histocompatibility complex (MHC II) 

proteins by binding to their promoter, (commonly referred as an X box). The resultant 

spliced XBP1 mRNA (XBP1S) is 26 bp shorter than the full length unspliced mRNA 

(XBP1U). XBP1U is expressed constitutively and is thought to operate as a negative feed-

back regulator of XBP1S. Detection of XBP1 splicing is a widely used method to monitor 

endoplasmic reticulum related stress. [1-5.] 

This study sought to establish a reliable and reproducible method to detect a specific ER 

stress pathway in the laboratory (XBP1 splicing). Following optimisation for sensitivity 

and resolution, the effect of a small molecule compound called FI0612 on IRE1 pathway 

was investigated. The assay was successfully optimised to test other novel agents and 

their potential to activate the UPR in cultured cells. The project was conducted in the 

laboratory of Thomas G. McWilliams (Biomedicum Helsinki) during spring 2019.  
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2 Background 

2.1 Endoplasmic Reticulum 

The endoplasmic reticulum (ER) is a multifunctional organelle that has roles in protein, 

phospholipid and steroid synthesis well as calcium homeostasis.  The endoplasmic re-

ticulum is expansive and distributed as a large network of tubular and sheet like struc-

tures in mammalian cells. It is continuous with the nuclear membrane and composed of 

the ribosome-containing rough endoplasmic reticulum (RER) and ribosome-free smooth 

endoplasmic reticulum (SER). The space enclosed by ER is referred as the lumen. Pe-

ripheral ER interacts with almost all other organelles. Most notably, ER-mitochondrial 

contact sites (known as MAM) are particularly important for cellular homeostasis. [1;2.]  

Beside from its traditional importance in protein synthesis and folding, ER functions also 

include glycosylation (addition of glycans into polypeptides), other post-translational 

modifications and transport to correct compartment of the cell. Nascent polypeptides are 

directed to the ER with a signalling sequence in their N terminus. This sequence is nor-

mally cleaved from the protein, after which the complete protein is secreted. The ER 

contains a variety of important chaperones that assist in protein folding, including immu-

noglobulin heavy-chain-binding protein (BiP) also known as glucose-regulated protein 

78 (GRP78). BiP is a member of heat-shock protein (HSP) family that recognizes and 

stabilizes unfolded proteins. [1.] 

The ER also influences the synthesis of lipid molecules, for instance glycerophospholip-

ids and sphingolipids. To this effect, the ER contains enzymes that convert glycerol and 

fatty acids into phospholipid precursors. Cholesterol synthesis starts in the ER, where 3-

hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase participates in the pro-

cess where acetyl coenzyme A is transformed to mevalonate through various reactions. 

The ER is the principal organelle controlling cellular calcium homeostasis. Calcium (Ca2+) 

is an important chemical messenger in eukaryotic cells, affecting on protein synthesis, 

muscle contraction, gene expression, secretion, cell cycle, metabolism and apoptosis. 

Due to high Ca2+ concentrations in ER, many of its enzymes use calcium as cofactor. In 

muscle cells (myocytes) SER is titled sarcoplasmic reticulum (SR). The principal function 

of SR is storage and release of Ca2+ ions during muscle contraction. [1;6;7.]  
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2.2 Overview of the ER Stress/UPR Pathway 

As previously mentioned in the introduction, loss of proteostasis activates dedicated 

stress response pathways, collectively known as the UPR. Upon conditions of intense 

cellular stress, this conserved pathway aims to either recover proteostasis or initiate cell 

death signalling, depending on the threshold of damage incurred by the cell. ER stress 

has clinical significance and has been associated with various human disease states 

[1;3]. 

The three main UPR-regulating proteins are IRE1, PERK and ATF6 and these represent 

three distinct arms of UPR. They localise to ER membranes, and they all have luminal, 

transmembrane and cytoplasmic domains. Under normal healthy conditions, they inter-

act with a chaperone protein known as BiP/GRP78 (hereafter referred to as BiP). During 

ER stress, BiP recognizes unfolded proteins and dissociates from transmembrane UPR-

controlling proteins, further enhancing signal transduction. [1;8.] 

Upon separation from BiP, IRE1 and PERK may be activated by oligomerisation and 

transphosphorylation. The transcriptional targets of IRE1, PERK and ATF6 are XBP1, 

ATF4 and ATF6 (N), respectively. The IRE1-regulated pathway is the most conserved of 

the three UPR pathways and leads to splicing of XBP1 mRNA. The protein product of 

the spliced mRNA, XBP1 protein functions as a transcription factor during ER stress and 

regulates the UPR. IRE1α knockout mice (Ire1α-/-) do not survive beyond E9.5-10.5, and 

this lethality emphasises its significance for normal cellular homeostasis. IRE1 and 

PERK act to decrease the amount of unfolded proteins that accumulate in the ER. In the 

PERK-mediated signalling pathway, CHOP and Gadd34 act to induce apoptosis. PERK 

inactivates Elf2 and inhibits mRNA translation, reducing the protein load of the ER. [8.] 

Currently, ATF6 is the least understood branch of the UPR pathways. ATF6 is trafficked 

in vesicles to the Golgi complex, where it is cleaved sequentially by site-1 and site-2 

proteases (S1P and S2P). ATF6 (N) transcription factor undergoes nuclear translocation 

to activate UPR target genes [8]. An overview of UPR pathways is shown in figure 1. 
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Figure 1. Overview of the UPR pathways induced by ER stress.  

In unstressed conditions, ATF6, IRE1 and PERK interact with BiP/GRP78. During ac-
cumulation of misfolded proteins, BiP recognizes them and is separated from the 
stress censor proteins. IRE1 and PERK are activated by transphosphorylation. ATF6 
is transferred in vesicles into the Golgi apparatus, where it is cleaved by S1P and S2P 
proteases. IRE1 activation causes splicing of XBP1 mRNA, which is translated to 
XBP1 transcription factor. PERK phosphorylates Elf2α, indirectly inhibiting mRNA 
translation and reducing protein folding load. If the misfolded protein load is not re-
duced enough, the cell will undergo an apoptosis. Figure modified from the source [8].  
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2.3 Studying the UPR in the Laboratory 

As previously mentioned, ER stress is associated with various medical conditions, in-

cluding cardiovascular disease, cancer, diabetes and neurodegeneration. Because of 

this, many therapeutic strategies are emerging to target the UPR-ER stress pathway in 

disease. To aid these efforts, ER stress can be conveniently studied under defined la-

boratory conditions, using a combination of pharmacogenetic methods. 

Many chemical agents can trigger ER stress and activation of the UPR in cultured mam-

malian cells. One example is DTT, a strong reducing agent that inhibits disulfide-bond 

formation, thereby preventing normal protein folding. The addition of DTT to cultured 

mammalian cells leads to ER stress in minutes. It is important to note that DTT also 

blocks disulfide-bond formation in the cytoplasm, therefore it may have other effects and 

is not a specific ER stress inducer. Nonetheless, it activates a prominent UPR that can 

be useful to study this process under laboratory conditions. [9.] 

Another agent used to trigger ER stress and study the UPR under laboratory conditions 

is Tunicamycin (TM). TM is a naturally occurring nucleoside antibiotic, which inhib-

its UDP-N-acetylglucosamine-dolichol phosphate N-acetylglucosamine-1-phosphate 

transferase (GPT), blocking glycoprotein biosynthesis in ER. Compared to the rapid ac-

tivation properties of DTT, cells exposed to TM require 4-8 hours to activate the UPR. 

[9.] 

Other commonly used pharmaceutical ER stress inducers include Brefeldin A, MG132 

and thapsigargin. Thapsigargin inhibits the sarcoplasmic/endoplasmic reticulum Ca2+-

ATPase (SERCA). Exposure to thapsigargin decreases ER calcium levels, causing the 

calcium-dependent ER chaperones to lose their activity. This causes accumulation of 

unfolded proteins and induces ER stress. Brefeldin A prevents protein transport from the 

ER to Golgi apparatus and causes rearward transport of proteins from Golgi to ER, lead-

ing to accumulation of unfolded proteins in the ER. MG132 is a cell-permeable pro-

teasome inhibitor that inhibits endoplasmic-reticulum-associated protein degradation 

(ERAD), causing accumulation of misfolded proteins in ER. [9.]  
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Monitoring the direct activation status of the UPR proteins using biochemical methods 

e.g. via phosphorylation of IRE1/PERK or cleavage of ATF6 would represent ideal meth-

ods to measure ER stress. It is important to monitor activation status via relevant PTMs 

and not only total levels, as the latter does not necessarily reflect activation.  However, 

this is not straightforward because these proteins are often expressed at low levels. Fur-

thermore, currently available commercial antibodies often have specificity issues and 

require enrichment using immunoprecipitation before immunoblotting can be success-

fully achieved. However, the activation of PERK can be monitored with a phospho-spe-

cific antibody. PERK phosphorylates EIF2α which can be detected using phospho-EIF2α 

to monitor pathway activation. However, other EIF2α-type kinases exist, and proper con-

trols should be used to ensure PERK-dependent phosphorylation. Thus, a more tractable 

and widely method involves monitoring downstream substrates as a surrogate for sig-

nalling activity. [9.]  

Improvements in UPR detection have resulted in the generation of “optical reporters” 

such as the CHOP::GFP reporter developed by the laboratory of Professor David Ron 

FRS, a pioneer in this field. This reporter exploits green fluorescent protein (GFP) and 

enables the quantitative detection of CHOP by fluorescent activated cell sorting (FACS) 

or microscopy. ATF6 activity can now be monitored using fluorescence microscopy via 

the GFP-ATFα fusion protein. Commercial antibodies have also been developed to de-

tect cleaved ATF6 after its activation. [9;10;11.] 

A comprehensive review of methods to detect IRE1-pathway activation is provided in 

[12]. For the IRE1 pathway, commercial IRE1 antibodies have been developed to monitor 

its activation level via its phosphorylation. This project concentrated on the detection of 

the XBP1 mRNA splicing, a well-established methodology in the field to assess the acti-

vation of the IRE1 pathway [13]. The unspliced XBP1 mRNA is 473 bp in length, while 

the spliced variant is 26 bp shorter at 447 bp. The unspliced XBP1 mRNA contains a 

restriction sequence for the PstI restriction endonuclease, which is absent from the 

spliced mRNA. Digestion with PstI cuts the unspliced PCR product and leaves the 

spliced product intact. The lengths of the digested strands are 183 bp and 290 bp [13].  
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The principle of the XBP1 splicing assay is presented in Figure 2. Although mammalian 

cells were used in this project, the UPR can also be studied using C. elegans or mice to 

obtain the physiological significance of this signalling pathway. The yeast ortholog of 

XBP1 is hac1, and this has been used in IRE1 pathway research [8].  

Aside from molecular biology and biochemistry approaches outlined here, more classical 

methods have been used to explore ER stress. For example, ER stress induces altera-

tions in ER ultrastructure, which can be observed using electron microscopy (EM). Alt-

hough highly informative, such approaches are not yet amenable for high throughput 

analyses [9]. 

 

Figure 2. Schematic depicting the diagnostic principle of the XBP1 assay. 

Accumulation of unfolded proteins in the ER lumen activates signalling pathways, in-
cluding IRE1 regulated pathway. The pathway includes splicing of XBP1 mRNA. 
Spliced and unspliced XBP1 mRNA can be detected based on the difference of the 
strand lengths. TM and DTT are used as control substances, since they induce ER 
stress and IRE1 activation. Untreated cell line is used as a negative control. The XBP1 
DNA can be digested using PstI endonuclease to enhance detection of splicing.  
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2.4 Aims of the Project 

This project involved establishing and optimising a reliable assay from scratch in a new 

laboratory, with the goal of investigating the potential of a novel chemical compound to 

induce activation of the ER stress pathway. 

Aim 1: 

• Induce ER stress in cultured mammalian cell lines.  

• Establish a well-known assay from scratch to detect a specific arm of the 
ER stress pathway i.e. activation of IRE1 and downstream XBP1 splicing. 

• Rigorously optimise assay sensitivity and resolution using positive controls 
(TM), and varying conditions for associated steps e.g. RNA extraction 
method, PCR and gel running conditions.    

Aim 2: 

• Once reproducible conditions for the assay are established, investigate the 
effect of a novel compound (FI0612) to induce ER stress.  

• Validate the results using two different cell lines and comprehensive treat-
ment regimen (time course, dose responses) 

• Use an orthogonal assay to generate converging data that confirms or dis-
proves results obtained from the XPB1 splicing assay i.e. RT-qPCR ex-
pression analysis of genes involved in ER stress pathways. 
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3 Experimental Strategy 

Human derived ARPE19 and U2OS cells were cultured according to the instructions of 

American Type Culture Collection (ATCC). Upon reaching 80 % confluency, cells were 

treated with either TM or DTT as the positive controls, DMSO as the control or FI0612. 

DTT and TM are known to cause XBP1 mRNA splicing.   

After cell treatment with FI0612, DTT or TM, mRNA was extracted from the cells using 

commercial NucleoSpin® RNA plus kits. The extracted RNA was converted to cDNA 

using reverse transcriptase (RT) reaction. XBP1 target genes were amplified using pol-

ymerase chain reaction (PCR) with specific hXBP1.3S and mXBP1.12AS primers. DNA 

sequences derived from spliced and unspliced mRNA differ in length and can be sepa-

rated and identified using agarose gel electrophoresis (AGE). If the AGE separation is 

poor due to a small difference in target gene length (26 bp), the PCR products can be 

digested using PstI restriction endonuclease, which cuts only the unspliced cDNA that 

has a conserved PstI sequence. The splicing of XBP1 results in the loss of PstI digestion 

site as shown in Figure 2. Digested, unspliced DNA strand is significantly shorter than 

the spliced DNA strand, which facilitates the separation [13].  

The initial target was to observe the difference between spliced and unspliced XBP1 

mRNA using AGE and achieve functionality of the positive control samples. Real-time 

Quantitative polymerase chain reaction (RT-qPCR) was used to detect transcripts of 

genes related to the UPR and quantify changes in their expression levels following drug 

treatment. The project workflow and the targets of method optimisation are presented in 

the figure 3. 
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Figure 3. The project workflow. 

Cells were cultured under defined conditions in accordance with ATCC guidelines. Cells 

were passaged approximately every other day, after the confluency reached 80–90 %. 

One of the objectives was to detect the difference of the effect of FI0612 on these two 

cell lines. Complete growth media and suppliers for these cell lines are presented in the 

table 1 (appendix 1). 

ARPE19 is a human-derived epithelial cell line. Its origin is the retinal pigmented epithe-

lium of a healthy person and its karyotype is diploid. U2OS is a human-derived cell line 
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from bone of an osteosarcoma patient. It has a highly altered chromosomal composition, 

i.e. chromosome counts are in the hypertriploid range, with very small number of normal 

chromosomes present. However, many stable marker chromosomes have been identi-

fied [14,15]. 

4 Materials and Methods 

4.1 Treatments Used in the Study 

Cultures were treated with TM, DTT, FI0612 or DMSO. Concentrations, lengths of treat-

ment, suppliers for each are described in Tables 2 and 3 (Appendix 1).   

4.2 RNA Extraction 

RNA extraction was performed using commercial NucleoSpin plus kit (Macherey-Nagel; 

REF# 740984.250; LOT# 1803/006) mainly following the protocol of the manufacturer. 

Slight modifications were made to increase the yield and concentration. Different vol-

umes of lysis buffer, binding solution and nuclease-free water for the elutions were used. 

The elution was performed two times, transferring the eluate back to the RNA collection 

columns and centrifuging once more for maximal yield. Because of rapid degradation of 

RNA, the tubes containing extracted RNA were transferred to ice immediately after the 

extraction and stored in -80 °C for future use. After the extraction, the concentration of 

the samples was measured using a NanoDrop spectrophotometer.  

4.3 Reverse Transcription Reaction 

cDNA was synthesized from the extracted RNA using High-Capacity cDNA Reverse 

Transcription Kit (Thermo Fischer Scientific; REF# 4368814; LOT# 00709629). The re-

action was carried out following the manufacturer’s protocol, using 200 ng of RNA as 

starting material. The master-mix for the reaction and the reaction program in thermal 

cycler are presented in the table 4 (appendix 1).  
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4.4 Polymerase Chain Reaction 

XBP1 gene was amplified using the synthesized cDNA. β-actin primers were used as a 

PCR control. Initially, the PCR was conducted two times, using 1 µl and 2 µl of cDNA 

with final reaction volume of 25 µl. Later 1 µl was used and the reaction volume was 

adjusted to 15 µl. KAPA2G Fast Genotyping Mix (KAPA biosystems; REF# KK5121; 

LOT# 006329-3-1) was used for the PCR. The KAPA2G contains Taq DNA polymerase 

in suitable buffer, deoxyribonucleotide triphosphates (dNTPs) and dyes for direct AGE 

analysis. PCR mastermixes and the thermal cycler program are presented in the table 5 

(appendix 1). 

4.5 Agarose Gel Electrophoresis 

Three different buffers were used for the gel preparation. The recipes for these buffers 

are presented in the table 6 (appendix 1). 0.5x TBE buffer was used initially and 1x TPE 

and sodium borate buffers were tested to improve the resolution. The agarose contents 

of the gels were 2–5 %. The gels were made as thin as practically possible in order to 

improve the resolution. Height of the buffer solution layer over the gels was set to mini-

mum for the same reason. Mostly, low voltage and long run times were used to improve 

resolution and to prevent band smearing due to high voltage. Small volumes of DNA 

preparations were used to obtain the best visibility for DNA bands. 

4.6 Restriction Endonuclease Digestion 

The spliced and unspliced XBP1 mRNA differ in length by 26 base pairs (447 bp and 

473 bp respectively). Unspliced XBP1 gene contains a recognition sequence for the re-

striction endonuclease PstI from bacterium Providencia stuartii. The lengths of digested 

DNA strands are 183 bp and 290 bp. The functionality of PstI digestion was tested for 

the case that the spliced and unspliced XBP1 mRNA could not have been separated 

sufficiently using AGE.  
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PCR products were purified using ethanol precipitation and their concentration was 

measured using NanoDrop spectrophotometer. 200 ng of DNA of each sample was 

used. The digestion was performed according to the manufacturer’s protocol. 

XBP1 PCR products were purified using ethanol precipitation. The samples with 2 µl of 

starting material were used. Purification was performed in sterile 1.5 ml Eppendorf tubes 

using the protocol presented in appendix 3. 

The endonuclease digestion was performed also without PCR product purification to ob-

serve whether the purification affects the digestion and quality during AGE analysis.  

4.7 Quantitative Polymerase Chain Reaction 

Quantitative polymerase chain reaction (qPCR) was used to detect transcripts of UPR 

pathways. Target and control genes are presented in the table 9 in appendix 2. Primers 

for the various gene isoforms were tested to identify the most detectable isoform present 

in the cell lines. Standard curves were generated using seven DNA dilutions, ranging 

from 1:1 to 1:100 to test primer efficiency and reliability. When the standard curves of 

the primers were optimal (E=95 %–105 %, R2>0.98), the primers and probes were con-

sidered reliable and were subsequently used in the experiments. 

Each RT-qPCR experiment was conducted in 96 well plate, using 3 reference genes. 

There were three technical replicates for each gene. 600 ng of RNA extracted from the 

samples for the XBP1 assay was used as a template for cDNA synthesis. 

The delta-delta CT method was used to analyse the RT-qPCR results and to determine 

fold changes in gene expression [16]. The mastermix and thermal cycler program for the 

qPCR experiments are presented in the table 7 (appendix 1). 
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5 Results 

5.1 Initial Establishment and Optimization of the XBP1 Splicing Assay 

The aim was to establish an assay to monitor ER stress activation in vitro. The assay 

was first conducted using a positive control tunicamycin (TM), known to robustly induce 

ER stress via the IRE1 signalling pathway. It was also decided to keep a simple experi-

mental design to ensure precision and reproducibility.  

TM is widely used compound in the literature that is known to induce ER stress. A known 

target of TM is IRE1 and its activation. This leads to splicing of XBP1 which is reliably 

detected by PCR and AGE (Figures 1 and 2). U2OS cells were treated with 3 µg/ml of 

TM for 24 h, the control cells were treated with vehicle (DMSO). At the indicated 

timepoints, RNA was extracted from the cells and cDNA was synthesised, with subse-

quent XBP1 amplification performed by end point PCR.  

The resultant PCR products were then resolved by agarose gel electrophoresis. In the 

initial attempts, the bands present in control and treated cells and TM treated cells were 

undistinguishable and difficult to resolve (figure 4). Thus, no clear results could be ex-

trapolated from these experiments, indicating further optimisation and troubleshooting 

were required. Next, an extra step was employed reported to improve resolution in this 

assay: a PstI-mediated restriction digest of the PCR products. The XBP1 PCR products 

were subjected to a digestion reaction using the PstI restriction enzyme and resolved by 

AGE. The unspliced XBP1 mRNA contains a target sequence for PstI. When the spliced 

and unspliced XBP1 PCR products are treated with PstI, only the unspliced products will 

be digested. The lengths of the digested fragments are 290 bp and 183 bp, and the 

length of the spliced, undigested product is 447 bp. The PstI digestion was conducted 

according to the manufacturer’s protocol. The AGE analysis of purified PstI digested 

PCR products is shown in figure 5. After the PstI digestion, there were two clearly distin-

guishable bands visible on the AGE gel, indicative of functional digestion. However, there 

was no difference between the DMSO and TM treated cells after 24 h, indicating that TM 

treatment for 24 h does not cause XBP1 splicing. Following on from this, the effect of TM 

treatment time and concentration on XBP1 splicing were examined.  
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Figure 4. AGE analysis of 24 h DMSO and TM treated U2OS XBP1 PCR products separated 
on a 5 % agarose gel. U2OS cells were treated for 24h with DMSO (control for TM) 
and 3 µg/ml TM. PCR products obtained using specific XBP1 primers with cDNA syn-
thesized from RNA extracted from treated U2OS cells were loaded on the gel. Gel 
was run at 120 V for 1 h 30 min and imaged on a BioRad ChemiDoc imaging device. 
Because of poor resolution, trustable results could not be obtained from this experi-
ment. The bars on the sides indicate the lengths of the DNA fragments used in the 
DNA ladder. 
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Figure 5. Treatment of U2OS cells for 24 h with 3 µg/ml TM does not cause XBP1 splicing. The 
image shows an AGE analysis of purified, PstI digested PCR products in control 
DMSO treated cells and 24 h TM treated U2OS cells. The gene of interest was ampli-
fied using XBP1 specific primers with cDNA synthesized from extracted RNA of drug 
treated cells. PCR products were purified as explained in the section 4.7. The DNA 
was digested with PstI and the products were separated by AGE. Two bands are vis-
ible with expected lengths (290 bp and 183 bp). The gel had 2 % agarose content and 
it was run at 90 V for 1 h 20 min and visualized using BioRad ChemiDoc imaging 
device. The bars on the sides indicate the lengths of the DNA fragments used in the 
DNA ladder.  
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5.2 Effect of Treatment Time and Buffering System 

As shown in both Figures 4 and 5, XBP1 mRNA splicing was not detectable at 24 h 

following treatment of cells with the positive control TM (3 µg/ml). In the following exper-

iment, the effect of varying both treatment times and concentration was investigated. In 

addition to this, the use of DTT was included as another positive control, based on its 

widely described use in the literature [3;9]. U2OS cells were exposed to TM and FI0612 

for short (4h) and long (18h) treatments. Two concentrations of each compound at an 

upper and a lower limit were assayed. Based on the literature, TM was used at a low (3 

µg/ml) and high (15 µg/ml) concentration. Based on proprietary data from the laboratory, 

a similar strategy was employed for FI0612, using a low (1 mM) and high (10 mM) con-

centration. Different treatment times were also experimented. For example, the most 

widely used treatment times specified in the literature for DTT were 30 min and 4 h, with 

concentrations ranging from 2-4 mM (low and high treatments, respectively). The AGE 

analysis of the positive control TM is shown in Figure 6. In all subsequent experiments, 

the two different treatment concentrations are referred to as “low treatment” and “high 

treatment”.  

Using TM, 4 hours was observed to be the optimal treatment time to elicit detectable 

XBP1 splicing, since the band of spliced XBP1 PCR product (length 447 bp) was clearly 

visible and distinguishable from the band of the unspliced band (length (473 bp) (Figure 

6). Detectable splicing could not be observed with longer exposure time (18 h) as seen 

in the Figure 6. As a noticeable shift was not detectable at 4 h, this indicates that treat-

ment time is a crucial factor in the detection of XBP1s mRNA.  

Although visible differences could be seen between control treated TM samples, the 

band resolution of PCR products on the gel was inadequate. Despite troubleshooting 

several different running conditions, these conditions did not improve band sharpness or 

resolution (Figure 6).  
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Accordingly, it was next sought to experiment with different buffering systems for AGE in 

order to improve upon band resolution. Running the same PCR products using the TPE 

buffer system (table 6, appendix 1), a striking enhancement was observed in the resolu-

tion of the XBP1 assay (Figure 7). Using this approach, the characteristic band “doublet” 

was successfully resolved, at a quality comparable to that of the published literature by 

established laboratories. This approach revealed unambiguous splicing of XBP1 by the 

control compounds (Figure 7). TPE buffer was subsequently used in all future XBP as-

say. 

Subsequently, the effect of FI0612 treatment on cultured U2OS cells, a commonly used 

adherent cell line was investigated. The initial analysis with FI0612 revealed no influence 

on XBP1 splicing compared to treatment with TM (Figure 7). Subsequent analyses con-

firmed that FI0612 does not induce XBP1 splicing in U2OS cells, in contrast to TM and 

DTT. TM induced detectable XBP1 splicing following 4 h of treatment. Because the treat-

ment with 3 µg/ml TM for 4 hours was observed to cause reproducible XBP1 splicing 

(Figures 6–8), the TM treatment time and concentration was decided to be used as a 

positive control in future experiments. DTT causes splicing with 30 min and 4 h treatment 

times.  

Importantly, the project was able to optimise conditions to conclusively determine that 

FI0612 did not induce XBP1 splicing under the conditions used in this experiment. There 

was no difference between any concentration or timepoint used. The next objective was 

to verify the results further and test the reproducibility of the optimised assay by studying 

if FI0612 could have cell type specific effects.   
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Figure 6. Treatment with TM for 4 h causes detectable XBP1 splicing, but treatment for 18 h 
does not. U2OS cells were treated with 3 µg/ml or 15 µg/ml of TM or DMSO for 4 h or 
18 h. RNA was extracted from the cells using commercial kit according to the protocol 
of the manufacturer. RNA was used to synthesize cDNA using commercial kit accord-
ing to the manufacturer’s protocol. The XBP1 gene was amplified using XBP1 specific 
primers in PCR. PCR products were loaded on 2.5 % agarose gel prepared with 0.5x 
TBE buffer. It was run at 80 V for 2 h 30 min and afterwards at 5 V for 11 h and imaged 
on a BioRad ChemiDoc imaging device. There’s clear difference between the lengths 
of the bands of DMSO and 4 h TM treated samples, which indicates that TM causes 
XBP1 splicing. RT- is a negative control for reverse transcription reaction. The bars 
on the sides indicate the lengths of the DNA fragments used in the DNA ladder and 
the locations of spliced and unspliced XBP1 PCR products. 
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Figure 7. TPE buffer has remarkably better resolution to AGE analysis compared to TBE 
buffer... The figure shows the 3 % agarose gel prepared of TPE buffer for this experi-
ment. The resolution is significantly better than with TBE buffer (figure 6), as different 
bands can be seen separately. The gel was run at 70 V for 1 h 40 min and imaged on 
a BioRad ChemiDoc imaging device. RT- is a negative control for reverse transcription 
reaction. The bars on the sides indicate the lengths of the DNA fragments used in the 
DNA ladder and the locations of spliced and unspliced XBP1 PCR products. This ex-
periment confirmed the earlier observation that TM causes XBP1 splicing in U2OS 
cells when treated 3 µg/ml for 4 hours. 

  

FI0612 FI0612 
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5.3 Effect on Different Cell Lines 

Following optimisation of assay resolution and drug treatment parameters for the induc-

tion of ER stress, it was observed that FI0612 does not cause XBP1 splicing in U2OS 

cells. A second human adherent cell line ARPE19 was treated with FI0612 for compar-

ative analyses of XBP1 splicing in distinct cell types. 

The cells from both cell lines were exposed to TM (3 µg/ml), DTT (2 mM) and FI0612 (1 

mM). RNA extraction and cDNA synthesis were performed, with subsequent XBP1 gene 

was amplified using PCR. The resultant products were resolved on a 3 % agarose gel 

prepared with 1x TPE buffer, which had been demonstrated to be optimal for the resolu-

tion of XBP1 spicing (Figure 9). 

As observed in Figures 8 and 9, the positive controls had the same effect in both U2OS 

and ARPE19 cells, causing XBP1 splicing via the IRE1-mediated ER stress pathway. 

Despite exposure of cells to FI0612 in differing concentrations (1 mM and 10 mM) and 

timepoints (4 h and 18 h), FI0612 did not induce XBP1 splicing in either cell line used. 

Based on these converging data, it was concluded that FI0612 does not cause classical 

IRE1-mediated ER stress in mammalian cells. 
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Figure 8. FI0612 does not induce IRE1-mediated ER stress on U2OS cells. AGE analysis of all 
the XBP1 PCR products from the second assay shows the effect of different treatment 
times and concentrations on U2OS cells. A 3 % agarose gel prepared with 1x TPE 
buffer was used. It was run at 100 V for approximately 2 hours and imaged on a Bio-
Rad ChemiDoc imaging device. There are bands visible with two different lengths, at 
447 bp and 473 bp. Control samples (untreated or DMSO treated) have only one band 
at 473 bp, which indicates that XBP1 splicing has not occurred. This is the case with 
all FI0612 treated samples, which confirms that FI0612 does not cause IRE1-medited 
ER stress on U2OS cells. TM (4 h) and DTT treated samples have also a visible band 
at 473 bp, which indicates that XBP1 splicing has occurred and the positive controls 
have functioned as expected by literature and the results can be considered trustable. 
RT- is a negative control for reverse transcription reaction. The bars on the sides indi-
cate the lengths of the DNA fragments used in the DNA ladder and the locations of 
spliced and unspliced XBP1 PCR products. 

  

FI0612 FI0612 



23 

  

 

 

Figure 9. FI0612 does not cause XBP splicing at ARPE19 or U2OS cells when treated at 1 mM 
for 4 h or 18 h. AGE analysis of all the samples from the third assay shows the differ-
ences in response to treatment between ARPE19 and U2OS cells. Both cell lines were 
treated with 3 µg/ml TM for 4 h, 2 mM DTT for 30 min and FI0612 for 4 hours or 18 
hours. RNA was extracted, cDNA was synthesized and XBP1 DNA was amplified us-
ing specific primers. Spliced XBP1 is detectable in TM and DTT treated cells on both 
cell lines, so the positive control functioned as expected. FI0612 treated samples have 
only one visible band at the same position as untreated control (473 bp), so the FI0612 
treatment did not cause XBP1 splicing. The 3 % agarose gel prepared of TPE buffer 
was run approximately at 150 V for 7 hours and imaged on a BioRad ChemiDoc im-
aging device. RT- is a negative control for reverse transcription reaction. The bars on 
the sides indicate the lengths of the DNA fragments used in the DNA ladder and the 
locations of spliced and unspliced XBP1 PCR products. 
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5.4 Use of an Orthogonal Assay to Validate XBP1 Splicing Results 

As discussed in the literature review section, there are many methods to detect ER 

stress. By establishing and optimising a widely used assay for the first time in a new 

laboratory, it was successfully determined that a novel small molecule compound had no 

effect on ER stress compared to controls. 

It was next sought to use a complimentary or orthogonal assay to verify that the control 

treatments behaved in accordance with published data, and to validate the negative find-

ings. 

As the XBP1 splicing assay is resolved by agarose gel, only semi-quantitative analysis 

is possible.  Conversely, RT-qPCR is a technique that provides high dynamic range su-

perior to diagnostic end-point PCR. As an additional verification step required to make a 

rigorous conclusion, it was next sought to develop and optimise a TaqMan probe-based 

assay for the detection of CHOP mRNA (encoded by DDIT3).  

Three independent experiments were performed where ARPE-19 cells were treated with 

TM and FI0612 for 4h as described previously in this thesis. Satisfyingly, a marked ele-

vation of DDIT3 mRNA transcripts was observed in cells treated with TM, indicative of a 

robust ER stress response. Pairwise statistical analyses using a one-way ANOVA re-

vealed a highly significant effect (P<0.0001), with a >50-fold increase in DDIT3 mRNA 

levels. Importantly, the quality of the data is consistent with the published literature. In 

contrast, treatment with FI0612 had only a marginal and non-significant effect on DDIT3 

levels. These results are consistent with those observed in the XBP1 mRNA splicing 

assay, documented in sections 5.1-5.4. 

Taken together, this thesis has used two converging approaches to investigate the effect 

of FI0612 on ER stress in mammalian cells. In the experiments performed herein no 

effect of this compound were found compared to positive controls. The conclusions sec-

tion will now provide a detailed perspective on these findings.   
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Figure 10. Use of RT-qPCR to validate XBP1 splicing assay 

ARPE-19 cells were cultured and treated with TM and FI0612 for 4h as previously indi-

cated. Control condition represents untreated cells. Substantial induction of the DDIT3 

gene encoding the ER stress protein CHOP was observed upon TM treatment, yet 

FI0612 had no substantial effect. Each data point within each category represents a dis-

tinct experiment (biological replicate) comprised of four technical replicates per condition. 

Data are depicted ±SEM. Statistical analysis was performed using one-way ANOVA for 

multiple comparisons in GraphPad Prism. Control vs. TM resulted in ****=P<0.0001, 

whereas Control vs. FI0612 had no significant effect. 
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6 Conclusion 

The aim of the project was to establish an assay to detect proteostatic stress via XBP1 

mRNA splicing as a readout of ER stress. Furthermore, the effect of the small molecule 

compound FI0612 on ER stress in cultured mammalian cells was observed.  

Following optimisation of a range of parameters, an assay was successfully established 

from scratch, and achieved results were comparable to those published by well-estab-

lished laboratories in the field. Greatly improved resolution of splicing was obtained, and 

pharmacological parameters for mammalian cells were optimized. It was found that re-

striction digest using Pstl was unnecessary, as adequate resolution was achieved using 

undigested PCR products upon optimisation of AGE. During the project, the TPE buffer 

system was found to provide superior resolution. It was also found that lower running 

voltage settings (80–120 V) and longer run times (2–3 h) provided the best resolution. 

From a technical point of view, both the agarose gel and the depth of overlying buffer 

covering the gel should be as thin as possible. In our hands, smaller gels had remarkably 

better resolution and sharper bands than larger gels. Thus, this is something that should 

be optimised in the future, especially for a large-scale experiment requiring a conclusive 

interpretation. 

These experiments demonstrated that under the specific conditions used during this pro-

ject, FI0612 did not seem to induce an IRE1-dependent ER stress pathway compared to 

known control compounds. To verify this, two different cell lines, differential timepoints 

and concentrations of FI0612 were used.  Accordingly, this assay may need adjustment 

if used with other cell lines than ARPE19 or U2OS. When evaluating the findings, it is 

important to note the disadvantages or caveats of this approach. The XBP1 splicing as-

say is only semi-quantitative, and this approach has low dynamic range. Future experi-

ments should aim to extend the time course to include multiple points. It would also be 

interesting to use other methods to determine if FI0612 could induce ER stress in cul-

tured cells e.g. immunoblotting for ER proteins and visualization of stress markers by 

immunofluorescence and high-resolution microscopy. It would be particularly interesting 

to see the effects of this compound on ER morphology and dynamics, as ER stress is 

known to influence these parameters. As the ER is a major store for Ca2+, one could 

also assess the effect of FI0612 on ER Ca2+ homeostasis using novel probes. 
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As an additional consideration, conventional proliferating adherent cell lines were used, 

and this compound may exert different effects in a more physiological setting i.e. in cul-

tured primary cells or upon in vivo administration in a suitable animal model (e.g. ro-

dents). Thus, further profiling will be required to conclusively exclude a role for this mol-

ecule in ER stress.  

Nonetheless, the RT-qPCR experiments support the initial findings obtained from the 

XBP1 assay, whilst tunicamycin treatment resulted in a >50-fold induction of DDIT3, no 

effect was observed with FI0612. Additionally, whilst most ER stress inducers impact the 

viability of cells and result in detachment, FI0612 only had a marginal effect (data not 

shown). 

Taken together, this thesis has demonstrated that the success of establishing a robust 

assay relies on rigorous optimisation of a range of parameters. By doing this, it could be 

determined that a novel compound does not have the properties of a typical ER-stress 

inducer.  
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Supporting information 

Table 1. Complete growth media for ARPE19 and U2OS cell lines. 

ARPE19 media U2OS media 
Concentration 
(v/v) 

DMEM:F12 (Gibco 21331-020) DMEM – High Glucose 88.50 % 

Fetal bovine serum  
(Gibco 10270-106) 

Fetal bovine serum  
(Gibco 10270-106) 10 % 

Glutamax™ (Gibco 35050-061) Glutamax™ (Gibco 35050-061) 1 % 

Penicillin-streptomycin 10,000 U/ml 
(Gibco 15140-122) 

Penicillin-streptomycin 10,000 U/ml 
(Gibco 15140-122) 0.5 % 

Table 2. U2OS cell treatment in the second XBP1 splicing assay. 

Low treatment High treatment 

Time Compound Concentration Time Compound Concentration 

4 h TM 3 µg/ml 4 h TM 15 µg/ml 

30 min DTT 2 mM 30 min DTT 4 mM 

4 h FI0612 1 mM 4 h FI0612 10 mM 

18 h TM 3 µg/ml 18 h TM 15 µg/ml 

4 h DTT 2 mM 4 h DTT 4 mM 

18 h FI0612 1 mM 18 h FI0612 10 mM 

                

Controls       Controls       

4 h DMSO     4 h DMSO     

18 h DMSO     18 h DMSO     

Untreated control   Untreated control   

Table 3. U2OS and ARPE19 cell treatment in the third XBP1 splicing assay. 

Time Compound 
 
Concentration 

4h TM 3 µg/ml 

30 min DTT 2 mM 

4 h FI0612 1 mM 

18 h FI0612 1 mM 

        

Controls       

4h DMSO     

Untreated control       
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Table 4. Mastermix and program for the reverse transcription reaction. 

 1x     

10x RT random primers 2 µl  Program   

10x RT Buffer 2 µl     

25x dNTP mix 100 mM 0.8 µl  25 °C 10 min 

MultiScribe™ Reverse Transcriptase 1 µl  37 °C 2 h 

Sterile H2O 4.2 µl  85 °C 5 min 

   12 °C ∞  

RNA 10 µl (200 ng)    

Total 20 µl     

Table 5. Reaction mixes and program for the polymerase chain reactions. 

  Original reaction 1 Original reaction 2 Optimized reaction 

KAPA2G 12,5 µl 12,5 µl 7,5 µl 

10 µM F-primer (hXBP1.3S) 1,25 µl 1,25 µl 0,75 µl 

10 µM R-primer (mXBP1.12AS) 1,25 µl 1,25 µl 0,75 µl 

sH2O 9 µl 8 µl 5 µl 

cDNA 1 µl 2 µl 1 µl 

Total 25 µl 25 µl 15 µl 

        

PCR program       

        

95 °C 3 min     

95 °C 15 s     

63 °C 15 s 35 cycles   

72 °C 15 s     

72 °C 1 min     

12 °C ∞     

Table 6. Recipes of the buffers used for agarose gel electrophoresis [17]. 

10x TBE 10x TPE 1x Na Borate 

108.0 g Tris Base 108.0 g Tris Base 1 M boric acid (6.1 g to 100 ml water)  

55.0 g Boric acid 15.5 ml 85 % Phosphoric acid 1.0 ml 10 M NaOH 

40 ml 0.5 M EDTA (pH 8.0) 7.44 g Na2EDTA·2 H2O 500 ml Water 

Fill to 1.0 liter with water. Fill to 1.0 liter with water. 
Add NaOH to water with stirring. 
Adjust pH to pH 8.5 using 
1 M boric acid in a dropwise fashion. 
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Table 7. qPCR reaction mix and reaction program. 

HOT FIREPol qPCR mastermix 2 µl  95 °C 10 min  

F primer (10 µM) 0.4 µl  95 15 s 
40 cycles 

R primer (10 µM) 0.4 µl  60 1 min 

Hydrolysis probe (10 µM) 0.25 µl     

sH2O 5.45 µl     

cDNA 1.5 µl     

Total 10 µl     
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Primers and probes 

Table 8. PCR primers used in the project. 

Oligo Sequence 
Tm 
(°C) Use 

hXBP1.3S  AAACAGAGTAGCAGCTCAGACTGC  65.1 
PCR 

mXBP1.12AS  TCCTTCTGGGTAGACCTCTGGGAG  69.5 

hBeta_actin_F  GCCAACCGCGAGAAGATC  60.4 
PCR control 

hBeta_actin_R  CCAGAGGCGTACAGGGATAG  60.7 

Table 9. qRT-PCR primers and probes used in the project. 

PH1_DERL1 [6FAM]AGTCAGCTGCCTGCGAGCGTCA[OQA] 74.8 qPCR 

FH1_DERL1 CTCTGGGTACCCTCTTACC 57.7 
 

RH1_DERL1 ACGCATCAGCTTCCTAACC 60.7 
 

PH1_DDIT3 
[6FAM]GTGACCCTCAATCCCACAT-
ACGCAGGG[OQA] 77.3 

qPCR 
FH1_DDIT3 GAAGTGGCTACTGACTACCC 57.8 

RH1_DDIT3 TTGTCTACTCCAAGCCTTCC 60.9 

PH1_ATF5 
[6FAM]TCTGTAGCCTCGACCCCTTT-
GTGCC[OQA] 75.2 

qPCR 
FH1_ATF5 CTCAGAGGGAAGAGTGTCG 60.2 

RH1_ATF5 TGAAGAAAGAAGGTGGGAGC 63.3 

PH1_ATF4 
[6FAM]AGGAGTTCGACTT-
GGATGCCCTGTTGG[OQA] 76.4 

qPCR 
FH1_ATF4 CAAGGAGGATGCCTTCTCC 63.7 

RH1_ATF4 GTGGTCAGAAGGTCATCTGG 62.2 

PH1_ATF3 
[6FAM]AAGCACCTCTGCCACCG-
GATGTCCT[OQA] 76.8 

qPCR 
FH1_ATF3 TTGTCAAGGAAGAGCTGAGG 62.2 

RH1_ATF3 CATCTTCTTCAGGGGCTACC 62.5 

PH1_ATF2 
[6FAM]TTGGCACAAACTG-
CACAGCCCACA[OQA] 77.2 

qPCR 
FH1_ATF2 ACAACTCACCAGGATAGTCC 58.0 

RH1_ATF2 CTTGTAAGCAGCACATTGGG 63.2 

PH3_ATF1 
[6FAM]ACAGCACCTCAACCTGGTTCAG-
CAGT[OQA] 73.5 

qPCR 
FH3_ATF1 ATTCCCACAAGAGTACCACG 61.4 

RH3_ATF1 CTATGCTGTCGGATGAGTCC 62.3 

PH1_IREB2 
[6FAM]GAAGCTTCCCTG-
CAGAGGCCAGACT[OQA] 74.1 

qPCR 
FH1_IREB2 TGTGCAATACAGAATGCACC 62.2 

RH1_IREB2 AGAATCACAAGATCCTCGGC 63.2 
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PH1_HEBP1 
[6FAM]TGACCCTCCCATGAAGCCCTAC-
GGA[OQA] 77.2 

qPCR 
FH1_HEBP1 AAGGAAGCAAGACTACGTAGC 57.8 

RH1_HEBP1 CAACAGCCAGATCTCATTGC 63.5 

PH1_SCARA3 
[6FAM]CGCAATGTCACCATCCTAC-
GAGGTGCC[OQA] 78.2 

qPCR 
FH1_SCARA3 GATCGTGGAGGAGATGAAGG 63.6 

RH1_SCARA3 TTGAATCCTCTTGGTCCTGG 64.0 

PH3_EDEM1 
[6FAM]ACGGAACATGTTCAGTGGG-
CAGCTGA[OQA] 76.6 

qPCR 
FH3_EDEM1 CTACTTAAGAAGAGGGCGGG 61.7 

RH3_EDEM1 CTGCAGAGAGTCAATCCAGG 62.7 

PH2_HGSNAT [6FAM]ACCGCCTGCTGCTGGGAGACGA[OQA] 78.1 

qPCR FH2_HGSNAT CTGGTTATCTTGGTCCTGGG 63.2 

RH2_HGSNAT TCGGTGTGGTAAAGTACAGC 60.2 

PH1_ACTB [6FAM]GTCGGTTGGAGCGAGCA[OQA] 79.3 
qPCR  
reference FH1_ACTB CAAGATGAGATTGGCATGGC 65.5 

RH1_ACTB CACATTGTGAACTTTGGGGG 65.1 

PH1_B2M 
[6FAM]TGCCTGCCGTGTGAAC-
CATGTGACT[OQA] 77.2 qPCR  

reference FH1_B2M ACTACACTGAATTCACCCCC 60.3 

RH1_B2M TGCTTACATGTCTCGATCCC 62.7 

PH2_YWHAZ 
[6FAM]AGGCCG-
CATGATCTTTCTGGCTCCA[OQA] 77.4 qPCR  

reference FH2_YWHAZ ACCATTCTTACTTGGTGGCC 62.7 

RH2_YWHAZ ATAGTCTGTGGGATGCAAGC 61.7 
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DNA purification protocol 

• 2 M NaCl was added to each sample so, that the final concentration was 
0.3 M and the volume of the solution 15 µl. 

• 45 µl (3x volume of the solution) of absolute ethanol was added. 

• Samples were centrifuged (15 000 g, 4 °C, 10 min). 

• Supernatant was removed carefully, avoiding the DNA pellet. 

• 200 µl of 70 % EtOH was added. 

• Samples were centrifuged (15 000 g, 4 °C, 10 min). 

• EtOH was removed carefully, residual EtOH was left to evaporate by keep-
ing the tubes lid open in block incubator (37 °C) approximately 15 minutes. 

• 13 µl of TE buffer was added to each sample. 

• The DNA was left to dissolve in TE buffer overnight. 

 


