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ABSTRACT

INVESTIGATION OF OTA-INDUCED GLOBAL
TRANSLATION INHIBITION

Ochratoxin A (OTA) is a widespread nephrotoxic mycotoxin produced by As-
pergillus and Penicillium species, known to exert cytotoxic effects through disruption
of cellular homeostasis. One of its widely recognized effects is the suppression of global
protein synthesis, which was linked to phosphorylation of eukaryotic initiation factor
2 alpha (elF2«), though the underlying mechanism remained unresolved. In this MSc
thesis, | investigated the role of elF2a kinases GCN2, PKR, and PERK in OTA-induced
stress response across human (HK-2), rat (WB-F344), and mouse (MEF) cell lines using
selective chemical inhibitors. Time-course experiments confirmed that OTA induces a
robust, time-dependent phosphorylation of elF2a alongside significant global transla-
tion repression in all models. GCN2 inhibition resulted in pronounced reduction in p-
elF2a levels and partial recovery in translation, while effects of PKR and PERK exhib-
ited more cell-type-specific outcomes. Notably, inhibition of ISR kinases exacerbated
OTA-induced cytotoxicity with prolonged exposure, underscoring a protective role.
I further explored the interplay between elF2a signaling and the PI3K/Akt/mTOR
pathway, a known survival axis also activated by OTA. Results revealed bidirectional
crosstalk: elF2« kinases, especially GCN2, promoted Akt/mTORCI1 activation, while
PI3K/Akt activity sustained elF2« phosphorylation. Inhibition of either pathway dis-
rupted this balance and enhanced cytotoxicity. These findings suggest that eIF2a phos-
phorylation not only inhibits global translation but also drives pro-survival adaptation
through interconnected cytoprotective signaling. This study reveals a coordinated OTA
stress response dependent on elF2a phosphorylation and PI3K/Akt/mTOR signaling,
offering new insights into adaptation mechanisms and potential therapeutic strategies

in toxin-related pathologies.
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OZET

OTA-GUDUMLU GLOBAL TRANSLASYON
BASKILANMASININ INCELENMESI

Ochratoxin A (OTA), Aspergillus ve Penicillium tiirleri tarafindan iiretilen
yaygin bir nefrotoksik mikotoksindir ve hiicresel dengeyi bozarak sitotoksik etkiler
gosterir. Literatiirde en yaygin kabul goren etkilerinden biri, kiiresel protein sentezinin
baskilanmasidir ve bu durum okaryotik baglatma faktorii 2 alfa (elF2«) proteininin
fosforilasyonu ile iligkilendirilmistir; ancak mekanizmasi net degildir. Bu yiiksek lisans
tezinde, OTA kaynakl stres yamitinda elF2« kinazlari GCN2, PKR ve PERK’in rolii.
insan (HK-2), sican (WB-F344) ve fare (MEF) hiicre hatlarinda segici inhibitérler kul-
lanilarak aragtirilmigtir. Zaman-bagimlh deneyler, OTA’nin giicli sekilde elF2« fosfori-
lasyonu ve translasyon baskilanmasina yol actigini gostermistir. GCN2 inhibisyonu ttim
hiicre hatlarinda p-elF2a seviyelerini azaltmig ve translasyonun kismen toparlanmasini
saglamistir; PKR ve PERK'in etkileri ise hiicre tipine 6zgii kalmigtir. ISR kinazlarinin
inhibisyonu, 6zellikle GCN2'nin uzun siireli baskilanmasi, OTA’ya bagh sitotoksisiteyi
artirarak koruyucu rollerini ortaya koymustur. Ayrica, OTA ile aktive oldugu bili-
nen PI3K/Akt/mTOR yolag ile elF2« sinyali arasindaki etkilegim incelenmigtir. Bul-
gular, cift yonlii bir etkilegime isaret etmektedir: ellF2a kinazlari (6zellikle GCN2),
Akt /mTORCI1 aktivasyonunu desteklerken; PI3K/Akt aktivitesi de elF2« fosforilasy-
onunu surdiirmektedir. Bu dengenin bozulmasi sitotoksisiteyi artirmigtir. Sonuclar,
elF2a fosforilasyonunun yalnizca protein sentezini baskilamakla kalmayip aym za-
manda hiicresel hayatta kalmay1 destekleyen adaptif bir yanit1 yonettigini ortaya koy-
maktadir. Bu ¢aligma, OTA’ya karsi gelisen koordineli stres yanitinin elF2a fosforilasy-
onu ve PI3K/Akt/mTOR sinyal aglarina dayandigini vurgulamakta ve toksin kaynakl

hastaliklar icin yeni tedavi stratejilerine 1s1ik tutabilecek i¢goriiler sunmaktadir.
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1. INTRODUCTION

1.1. Ochratoxin A (OTA)

Ochratoxin A (OTA), a secondary metabolite, is primarily produced by filamen-
tous fungi belonging to the Penicillium and Aspergillus genera. It is a chlorinated
isocoumarin derivative conjugated to L-phenylalanine via an amide bond (Figure 1.1)
(el Khoury and Atoui, 2010). This amphipathic structure, with a lipophilic isocoumarin
ring and a hydrophilic amino acid moiety, not only facilitates membrane permeability
but also enables OTA to competitively interfere with phenylalanine-utilizing enzymes
and causing subsequent disrupting protein synthesis and contributing to its nephrotoxic

and carcinogenic effects (Creppy et al., 1983; Gekle et al., 2005).

Figure 1.1: The structure of OTA (el Khoury and Atoui, 2010).

OTA is a naturally occurring mycotoxin that poses a significant threat to hu-
man and animal health due to its widespread contamination of various agricultural
commodities, including cereals, coffee, cocoa, spices, and processed foods like wine,
juice, and cheese. OTA is also found in the tissues of animals fed with contaminated
fodder, further entering the food chain (Li et al., 2021). Thus, daily OTA exposure is

relatively higher than the other contaminants for human and animals. Furthermore,
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once cxposed, it remains quite stable in the human circulation with a very long half-lifc

around 35 days (800h) (Petzinger and Ziegler, 2000).

Carcinogenic properties of OTA have been established in mice and rats, partic-
ularly in the liver and kidneys, alongside various spccific toxic cffects, including hep-
atotoxicity, teratogenicity, and immunotoxicity. OTA accumulates in the kidney over
time due to reabsorption in the proximal tubules. Also, several studies have reported
a correlation between OTA exposure and the development of nephropathies, including
renal tumors (el Khoury and Atoui, 2010; Malir et al., 2016). OTA is also strongly
implicated as a potential cause of Balkan Endemic Nephropathy (BEN) and related
urinary tract tumors in humans. The presence of OTA in blood serum of chronic kid-
ney discase (CKD) paticnts were reported to be significantly high by sceveral studics
(Hmaissia Khlifa et al., 2012; Kosicki et al., 2021; Meucci et al., 2017). As it poses
significant health risks, OTA is recognized as a Group 2B carcinogen (possibly carcino-
genic to humans) by the International Agency for Research on Cancer (Schrenk et al.,
2020). Maximum OTA concentrations allowed on various food commodities are period-
ically updated and tightly regulated by European Commission (European Commission,
2006). Unfortunately, in third world countries where food storage is particularly poor,

OTA rcgulations arc also poor or non-cxistent.

OTA displays significant species-specific differences in its metabolism and toxic-
ity, which are critical for accurate risk assessment. In rats, elevated levels of glutathione
(GSH) conjugates indicate increased bioactivation, potentially contributing to higher
nephrotoxicity and genotoxicity. In contrast, OTA does not act as a direct genotoxin
in human renal proximal tubular epithelial cells (HIK-2); instead, its effects appear to
be mediated by oxidative stress. This suggests that OTA undergoes different metabolic
processing in human cells. Additionally, the liver contributes to detoxification through
the formation of OTA«, whereas the kidney remains more susceptible due to limited
detox capacity. The pronounced kidney damage observed in rats, compared to humans
or mice, underscores the limitations of rat modecls in predicting human OTA toxic-

ity (Sorrenti et al., 2013). Therefore, species-specific and cell-type specific analysis in



undcrstanding OTA’s cellular and molccular impact is important for accurate interpre-
tation of experimental results and for the development of relevant human health risk

assessments.

OTA cxcrts its toxic cffects by interfering with multiple cellular signaling path-
ways that cause oxidative stress, inflammation, cell cycle arrest, and apoptosis, in-
cluding PI3K/AKT and MAPK/ERKI1-2 pathways to induce survival and apoptosis
respectively (Ozcan et al., 2015). One of the critical outcomes of OTA exposure is the
inhibition of protein synthesis, often mediated through the phosphorylation of eukary-
otic initiation factor 2 alpha (elF2«), a central regulator of translational control during

stress (Creppy et al., 1983).

1.2. Eukaryotic Initiation Factor 2 (eIF2) and Global Translation

Initiation

Under normal physiological conditions, elF2 forms a complex with GTP, and
binds to initiator methionyl-transfer RNA (Met-tRNAiMet). This ternary complex,
elF2-GTP-Met-tRNAI, is crucial for providing the initial tRNA to 43S preinitiation
complex which is consisted of small ribosomal subunit and various other translational
initiation factors. The preinitiation complex binds to the 5’-7-methylguanosine (5’ cap)
of mRNA and scans the transcript until it finds an initiation codon. Upon binding of
NMet-tRNAiMet to the initiator codon in the P site of the 40S ribosomal subunit,
GTP bound to elF2 is hydrolyzed and subsequently elF2-GDP is released. Then, 80S
ribosome complex is formed by the addition of 60S ribosomal subunit and elongation
of the protein is carried out. For the next round of translation initiation to start, GDP
bound to eIlF2 must be exchanged for GTP. Guanine exchange factor elF2B catalyzes

this process, enabling the elF'2 reuse for translation initiation (Figure 1.2) (Wek, 2018).

However, when elF2a subunit is phosphorylated on Serb1 residue, it binds tightly
to the eIF2B regulatory subcomplex and prevents the association of elF2B catalytic

subcomplex with elF25 and elF2v subunits required for the nucleotide exchange.



Through this mechanism (Figurc 1.3), p-cIlF2a acts as a compctitive inhibitor, re-
ducing available eIF2B and active elF'2-GTP levels required for pre-initiation complex
assembly. As a result, 5’cap mediated global translation is inhibited (Krishnamoorthy

et al., 2001).

elF2.GDP

elF2.GTP

Ternary Complex

Translation Initiation

Figure 1.2: Function of elF2 in translation initiation under normal conditions. elF2B

activates the elF2-GDP complex by exchanging GDP for GTP. The active elF2 then

forms a ternary complex with Met-tRNA and delivers it to the preinitiation complex.

After initiator codon recognition, GTP is hydrolyzed and elF2 is released; GDP must
be exchanged for GTP for the next round [Adapted from (Holcik, 2015)].
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Adaptation to Stress

Inactive
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Selective Translatlon
Global Translation

Inhibition

Figure 1.3: The phosphorylation of e[F2a: under stress. ISR kinases phosphorylate
elF2a, increasing its affinity for eIF2B and blocking GDP-GTP exchange. This traps
elF'2 in an inactive complex, reducing global translation while allowing selective

translation of mRNAs that support stress adaptation [Adapted from (Holcik, 2015)].

OTA exposure has been reported to have an inhibitory effect on protein syn-
thesis. However, the experiments conducted on this premise were limited to in vitro
experiments, and the OTA dosage used was significantly higher than what would be
encountered in physiological conditions (Creppy et al., 1983). Furthermore, OTA was
observed to be increasing ellF'2a phosphorylation and the involvement of PERK via
ER stress were linked in recent studies (Deng et al., 2023; Wang et al., 2022; Yang et
al., 2023). On the other hand, there is no direct evidence that the phosphorylation
is through specifically PERK and whether other elF2« kinases have any contribution
yet. Thus, the effect of OTA on the elF2« kinases’ activations are yet to be thoroughly

discovered.
1.3. ISR Pathway and elF2«a Kinases

In mammals, there are four kinases stimulated by different stress conditions

that results in elF2a phosphorylation which centers Integrated Stress Response (ISR)



pathways. Namcly protein kinasc R (PKR), PKR-like endoplasmic reticulum kinase
(PERK), general control nonderepressible 2 (GCN2) and heme-regulated elF2« kinase
(HRI) are activated mainly by viral infection, endoplasmic reticulum stress, amino
acid starvation and heme deficiency, respectively (Pakos-Zebrucka et al., 2016). This
regulatory process is integral to diverse cellular functions, including adaptation to envi-
ronmental challenges, modulation of apoptosis, and regulation of viral infections. Dys-
regulation of elF2a phosphorylation is implicated in various pathological conditions,

highlighting its significance in cellular homeostasis and disease processes (Holcik, 2015).

GCN2 is highly conserved and widely studied in yeast S. cerevisiae as it is the
only kinase of elF2« in this species. The activation of GCN2 is facilitated through
GCN1-GCN20 complex. Upon amino acid starvation, GCN1-GCN20 complex recog-
nizes the uncharged tRNA on A site of elongating ribosomes to facilitate its transfer
to GCN2. The complex bound to tRNA physically interacts and cause conformational
change on GCN2 that activates its catalytic domain (Marton et al., 1997). The au-
tophosphorylation of the residues Thr-882 and Thr-887 on the activation loop is also

required for the full kinase activity (Romano et al., 1998).

PERK is a kinase that is activated upon endoplasmic reticulum (ER) stress, which
can be triggered by unfolded proteins. (Teske et al., 2011) Under normal conditions,
inactive PERK remains bound to ER chaperone protein BiP (Binding Immuoglobulin
Protein or GRP78). Upon ER stress and subsequent accumulation of misfolded pro-
teins, BiP dissociates from PERK to assist their ATP-dependent protein folding. This
leads to oligomerization and autophosphorylation of PERK on Thr980, consequently

its activation and phosphorylation of elF2a (Haze et al., 2001).

PKR is the elF2« kinase that is activated primarily upon double-stranded RNA
stress and it responds to viral invasion, endoplasmic reticulum (ER) stress, and inter-
feron signaling (Gal-Ben-Ari et al., 2018). In normal conditions PKR is monomeric;
however, viral dsSRNA induces conformational change, promoting dimerization which

leads to autophosphorylation of Thr-446 and Thr-451 residues on activation loop that



transforms it into an active kinasc form resulting in cIF2a phosphorylation and other

downstream effects (Romano et al., 1998).
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Figure 1.4: Stress-specific activation of elF2« kinases and their chemical inhibition.

GCN2, PKR, PERK, and HRI are activated by distinct cellular stress signals. These

kinases phosphorylate the a subunit of elF2, leading to global translational inhibition
(Holcik, 2015). GCN2, PKR and PERK can be individually inhibited by selective
chemical inhibitors A92, C12 and GSK’414, respectively (Szaruga et al., 2023).

HRI is one of the elF2«a kinases activated upon heme deficiency conditions and
oxidative stress. Inactive HRI contains heme bound to its regulatory domain, which
acts as an allosteric inhibitor. When heme levels decrease, HRI dissociates from heme-
containing hemoglobin, leading to its autophosphorylation and activation, and conse-
quent elF2«a phosphorylation. This mechanism regulates a- and 5-globin levels in red

blood cells, limiting their expression by inhibiting global translation under iron/heme



dcficiency (Han et al., 2001). Similarly, heat shock and oxidative stress, particularly
arsenide exposure, can induce HRI activation, which is crucial for maintaining home-
ostasis in erythroid cells. While an imbalance in reactive oxygen species can directly
phosphorylate and activate HRI leading to elF2a phosphorylation, heat shock stress
requires chaperon proteins hsp90 and hsc70 to regulate HRI activity, which indicates

differential activation mechanisms (Lu et al., n.d.; Yerlikaya, 2022)

Most of these kinases can be inhibited selectively via chemical inhibitors in order
to prevent kinase specific phosphorylation of elF2a (Figure 1.4). GCN2-IN-1 (A92)
inhibits GCN2 by occupying the ATP-binding site of GCN2 kinase domain, preventing
ATP binding and subsequent kinase activation (Brazeau and Rosse, 2014). PERK
inhibitor GSK2606414 also binds the ATP-binding pocket of PERK and preventing its
autophosphorylation and subsequent activation (Bagratuni et al., 2020). PKR Inhibitor
I (C16) disrupts PKR activation by directly binding to the activation loop, preventing
autophosphorylation required for the activation (Jammi et al., 2003; Weintraub et al.,
2016). Even though the inhibitors are specific to their respective kinases, the intricate
ISR mechanisms may cause activation of one elF2«a kinase when another is inhibited,

which was studied meticulously in literature (Szaruga et al., 2023).

1.4. PI3K/AKT/mTOR Pathway

Akt (Protein Kinase B) is a central regulator of cell survival, growth, and
metabolism, activated downstream of PI3K in response to growth factors and extracel-
lular signals. Once recruited to the plasma membrane, Akt undergoes full activation
through dual phosphorylation at Thr308 by PDK1 and Ser473, the latter being medi-
ated by Mammalian Target of Rapamycin Complex 2 (mTORC2). This phosphoryla-
tion is essential for Akt’s full kinase activity and its regulation of various downstream

effectors involved in translation, proliferation, and stress responses (Glaviano et al.,

2023).



Among its key downstrcam targets is the Tuberous Sclerosis Complex (TSC2), a
negative regulator of Mammalian Target of Rapamycin Complex 1 (mTORC1). Akt
phosphorylates and inactivates TSC2, thereby relieving its suppression on mTORC1
and promoting mTORCI1-mediated responses (Inoki et al, 2002). Once activated,
mTORC1 phosphorylates effectors such as p70 (S6K1) and 4E-BP1, enhancing cap-
dependent translation (Dann and Thomas, 2006). Specifically, mTORC1-mediated
phosphorylation of p70 at Thr389 leads to activation of ribosomal protein S6 (S6)
via Ser235/Ser236 phosphorylation, which often used as marker for mMTORC1 activity
(Isotani et al., 1999).

Interestingly, although Akt activation typically drives mTORC1 activity, phar-
macological inhibition of mMTORC1 by rapamycin has been reported to result in com-
pensatory phosphorylation of Akt at Ser473 in several cancer cell lines, suggesting a
feedback survival mechanism (Sun et al., 2005). Moreover, prolonged Akt activation
can initiate a negative feedback loop through phosphorylation and subsequent degra-
dation of TRS-1, a scaffold protein essential for upstream PI3K/Akt activation, thereby

attenuating its own signaling pathway over time (Yoneyama et al., 2018).

Interestingly, this regulatory complexity extends beyond normal conditions and
becomes particularly intricate under stress conditions, such as amino acid deprivation.
During amino acid scarcity, global translation rates decrease due to reduced amino acid
charged tRNAs and impaired initiation complex formation (Pavlova et al., 2020). How-
cver, sclective translation of specific mRNAs containing unique regulatory clements,
such as internal ribosome entry sites (IRES), allows for efficient translation initiation
despite this global translational repression. At the same time, mTORC]1 activity can
persist through other signaling inputs, such as growth factors or changes in cellular
energy status, even in the face of amino acid deprivation. This activation acts as
a compensatory mechanism, counteracting decreased global translation and ensuring
the selective translation of stress-responsive mRNAs essential for survival (Torrence

et al., 2021). The dclicatc balance between reduced global translation and sustained
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mTORC1 activity underscores the cell’s remarkable ability to prioritize specific trans-

lation and adapt to amino acid deprivation.

elF2a phosphorylation (p-elF2«), activated by GCN2 and PERK, has been
shown to protect immortalized and tumor cells from oxidative damage. In p-clF2a-
proficient cells, Akt is activated via an ATF4-independent pathway, and mTORC1
inhibition by rapamycin further promotes Akt phosphorylation at the S473 residue,
enhancing cell survival. In contrast, p-elF2a-deficient cells exhibit reduced Akt activa-
tion, making them more susceptible to death under oxidative stress. Although low Akt
activation in these cells has a pro-apoptotic effect, mTORCI1 inhibition still increases

Akt phosphorylation, exacerbating the apoptotic response (Rajesh et al., 2015).

OTA is known to be increasing Akt phosphorylation and mTORC1 activation
in time- and dose- dependent manner (Figure 1.5), promoting survival under stress
conditions. It also was shown that the inhibition of PI3K/Akt pathway with wort-
mannin decreased cell viability under OTA cxposure in HK2 cells (Ozcan et al., 2015).
Even though OTA was also reported to be inducing elF2a phosphorylation like these
pathways (Deng et al., 2023; Wang et al., 2022), potential cross-talk was not studied

in literature.

Ser473 Thr389

Wortmannln Rapamycm
Ser235/Ser236
—> mTORC1 —» — '

@ Thr308,
Growth and Survivu

Figure 1.5: OTA-induced PI3K/Akt/mTOR pathway. The pathway can be inhibited
by selective inhibitors targeting PI3K and mTORCI activation by wortmannin and
rapamycin, respectively (Akpinar et al., 2019; Ozcan et al., 2015).
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2. HYPOTHESIS AND PURPOSE

Ochratoxin A (OTA) is a potent mycotoxin with well-established nephrotoxic
and carcinogenic effects. One of its critical cellular impacts is the disruption of protein
synthesis (Creppy et al., 1983), often regulated by phosphorylation of the translation
initiation factor elF2«, a key event in the Integrated Stress Response (ISR). How-
ever, the specific kinase responsible for elF2a phosphorylation under OTA exposure,
among PERK, PKR, GCN2, or HRI, remains elusive. While elF2« phosphorylation
broadly represses translation, the contribution of individual ISR kinases to this ef-
fect under OTA stress remains to be clarified. In parallel, OTA is known to activate
key pro-survival pathways including PI3K/Akt/mTOR, which regulate cell growth,
metabolism, and stress adaptation (Ozcan et al, 2015). However, the cross-talk be-
tween these signaling pathways and ISR-mediated translational control has not been
systematically examined. It remains unclear whether these responses occur indepen-

dently or form a coordinated cellular strategy to counteract OTA-induced stress.

We hypothesize that OTA induces global translational repression primarily
through elF2a phosphorylation mediated by one or more ISR kinase. Furthermore,
we propose that OTA-induced activation of the PI3IKK(/Akt/mTOR pathway may in-
tersect with or modulate ISR signaling, and that the balance between these pathways
determines the cellular outcome under OTA-induced stress. Identifying the kinase(s)
involved and characterizing these mechanisms across species will enhance our under-

standing of OTA toxicity, and guide therapeutic targeting of ISR signaling.

Based on this hypothesis, the specific aims of the project are:

i) To investigate the effects of OTA on elF2«a phosphorylation and global trans-
lation rate in HK2, WBF344, and MEF cell lines.



ii) To dctermine the impact of cIF2«r kinase inhibition on OTA-induced changes

in elF'2a; phosphorylation, global translation rate, and cell viability.

iii) To investigate the interaction between PI3K/Akt/mTOR signaling and elF2«

phosphorylation under OTA cxposurc.

In order to achieve those aims;

e The effect of OTA on elF2a phosphorylation and global translation rate was
investigated in HK2, WBF344, and MEF cell lines.

e The impact of elF2a kinase inhibition on elF2a phosphorylation and global

translation rate under OTA exposure was assessed.

e The effects of elF2a kinase inhibition on cell viability under OTA exposure

were evaluated.

e The effects of elF2a kinase inhibition on key components of PI3K/Akt/mTOR

pathway under OTA exposure were investigated.

e The effects of PI3K/Akt inhibition via Wortmannin on elF2« phosphorylation

and global translation rate under OTA exposure were examined.

e The effects of mTOR inhibition via Rapamycin on elF2« phosphorylation and

global translation rate under OTA exposure were investigated.
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3. MATERIALS

3.1. Cell Culture

Human Kidney 2 (HK-2) cells were purchased form American Type Culture Col-
lection (ATCC) (Manassas, USA). Rat liver progenitor cells (WB-F344) were kindly
provided by Assoc. Prof. Mehmet Akif KILIC from Akdeniz University, Antalya,
Turkey. Mouse embryonic fibroblast cells (MEF) were kindly provided by Prof. De-
vrim GOZUACIK from Koc University, Istanbul, Turkey. Cell culture solutions used
in this thesis listed in Table 3.1. Chemicals used in cell culture experiments listed in

Table 3.2.

Table 3.1: Cell Culture Solutions.

Solution Supplier

e et e e s, i, v
Fetal Bovine Serum (FBS) A5256701, Gibco, USA

Penicillin/Streptomycin (100X) Gibco, USA
L-Glutamine 200 mM P04-80100, Gibco, USA
MEM NEAA (100X) 11140-035, Gibco, USA

Trypsin-EDTA (0.05%) Gibco, USA

DMSO BioFroxx, Germany
PBS MP Biomedicals, LLC,
France




Table 3.2: Chemicals Used in Cell Culture.

Chemical Supplier
. 01877, Sigma-Aldrich,
Ochratoxin-A USA
Wortmannin 9951, Sigma-Aldrich, USA
Rapamvein 53123-88-9, Sigma-Aldrich,
pamy USA
HY-100877,
GON2-IN-1 (A92) MedChemExpress, USA
e J4 527450-5bMG,
& P Sigma-Aldrich, USA
HY-18072,

PERK Inhibitor I (GSK2606414)

MedChemExpress, USA

Puromycin

Sigma-Aldrich, USA

Cycloheximide

Sigma-Aldrich, USA

14
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3.2. Kits and General Chemicals

The kits and general chemicals used in this study are listed in Table 3.3 and Table
3.4, respectively.

Table 3.3: Kits Used in This Study.

Kit Supplier
BCA Protein Assay Kit Pierce, USA

NutriCulture Cell Viability Detection Kit-8 FcoTech, Turkey

(CVDKS)
Clarity Western ECL Substrate Bio-Rad, USA
PageRuler Prestained Protein Ladder Thermo Scientific, USA

Prime-Step™ Prestained Broad Range

Protein Ladder BioLegend, USA

Table 3.4: General Chemicals Used in This Study.

Chemicals Supplier
2-Mercaptoethanol Sigma-Aldrich, USA
2-Propanol Sigma-Aldrich, USA
Absolute Ethanol Merck, USA
Acrylamide/Bis-acrylamide, 40% solution BioFroxx, Germany
Ammonium Persulfate AppliChem, Germany
Ampicillin Roche, Switzerland
Aprotinin Protease Inhibitor THhermoFisher Seientiic,
USA




Table 3.4: General Chemicals Used in This Study (cont.)

Chemicals

Supplier

Bovine Serum Albumin (BSA)

BioFroxx, Germany

Bromophenol Blue

Merck, USA

EDTA

AppliChem, Germany

Ethanol

Merck, USA

Ethidium Bromide

Sigma-Aldrich, USA

Glycerol

Sigma-Aldrich, USA

Glycine

AppliChem, Germany

Leupeptin Protease Inhibitor

ThermoFisher Scientific,

USA

Magnesium Chloride (MgCly)

Sigma-Aldrich, USA

Methanol

VWR Chemicals, USA

NP-40

Roche, Switzerland

Pepstatin A Protease Inhibitor

ThermoFisher Scientific,
USA

Potassium Acetate (KAc)

AppliChem, Germany

Skim Milk Powder

Havancizade, Turkey

Sodium Chloride (NaCl)

Fisher Scientific, USA

Sodium Deoxycholate

Sigma-Aldrich, USA
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Table 3.4: General Chemicals Used in This Study (cont.)

Chemicals

Supplier

Sodium Hydroxide (NaOH)

Sigma-Aldrich, USA

Sucrose Sigma-Aldrich, USA
TEMED Sigma-Aldrich, USA
Tris-Base AppliChem, Germany
Tris-HCl AppliChem, Germany
Tween-20

Sigma-Aldrich, USA

17



3.3. Buffers, Solutions and Antibodies
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Buffers and solutions used in Western blot are listed in Table 3.5. Antibodies

used are listed in Table 3.6.

Table 3.5: Buffers and Solutions Used in Western Blot Experiments.

Buffer /Solution Content
150 mM NaCl, 1% NP40, 0.5%
Sodium deoxycholate, 0.1% SDS, 50
RIPA Buffer

mM Tris pH 7.4, Protease Inhibitors,
Phosphatase Inhibitors, 1 mM PMSF

Protease Inhibitors (in RIPA)

0.1 pg/ml Pepstatin A, 0.1 ug/ml
Leupeptin, 10 pg/ml Aprotinin

Phosphatasc Inhibitors (in RIPA)

5 mM Sodium fluoride (NaF), 2 mM
Sodium pyrophosphate (Na,P507), 2
mM [-Glycerophosphate, 2 mM
Sodium orthovanadate (NazVOy,)

4X Protein Loading Dye

200 mM Tris-HCI pH 6.8, 8% (w/v)

SDS, 40% (w/v) Glycerol, 4% (v/v)

S-mercaptoethanol, 50 mM EDTA,
0.08% (w/v) Bromophenol Blue

10% Resolving Gel

375 mM Tris-HC pH 8.8, 0.1% (w/v)
SDS, Acrylamide:Bisacrylamide (12%
w/v), 0.05% (w/v) APS, 0.005%
(w/v) TEMED




Table 3.5: Buffers and Solutions Used in Western Blot Experiments (cont.)

Buffer /Solution

Content

4% Stacking Gel

125 mM Tris-HCI pH 6.8, 0.1% (w/v)
SDS, Acrylamide:Bisacrylamide (4%
w/v), 0.05% (w/v) APS, 0.0075%
(w/v) TEMED

10X SDS Running Buffer

375 mM Tris-HC1 pH 8.8, 0.1% (w/v)
SDS, Acrylamide:Bisacrylamide (10%
w/v), 0.05% (w/v) APS, 0.005%
(w/v) TEMED

1X Tris Buffered Saline with
Tween-20 (TBS-T)

50 mM Tris-HCI1 pH 7.4, 150 mM
NaCl, 0.1% Tween-20

Western Blot Blocking Solution

5% (w/v) skim milk powder dissolved
in TBS-T

1st Antibody Solution

5% (w/v) BSA dissolved in TBS-T

2nd Antibody Solution

5% (w/v) skim milk dissolved in

TBS-T

1X Wet Transfer Buffer

48 mM Tris-Base, 39 mM Glycine,
10% (v/v) Absolute EtOH or
Methanol
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Table 3.6: Antibodies Used in Western Blot Experiments.

Antibody Company Dilution Host
anti-Puromycin Merck, USA 1:1000 Mouse
Cell Signalling
elF 2« 1:1000 Rabbit
Technologies, USA
Cell Signalling
GAPDH 1:1000 Rabbit
Technologies, USA
Cell Signalling
p70 1:1000 Rabbit
Technologies, USA
Cell Signalling
phospho-Akt (Serd73) 1:1000 Rabbit
Technologies, USA
phospho-elF2« Cell Signalling
1:1000 Rabbit
(Serb1) Technologies, USA
phospho-ribosomal Cell Signalling
1:1000 Rabbit
protein S6 Technologies, USA
phospho-p70 Cell Signalling
1:1000 Rabbit
(Thr389) Technologies, USA
Cell Signalling
[-actin 1:1000 Rabbit
Technologies, USA
Cell Signalling
Rabbit IgG, HRP 1:10000 Goat
Technologies, USA
Cell Signalling
Mouse IgG, HRP 1:10000 Horse

Technologies, USA




3.4. Equipments

Equipments used in this study are listed in Table 3.8.

Table 3.7: Equipment used in this study.

Equipment Supplier
Autoclave Model ASB260T Astell Swiftclave, UK
Balance AY'123, Sartorius, Germany
Centrifuge Allegra X-22, Beckman Coulter, USA,;

Allegra X-30 R, Beckman Coulter,
USA

COs Incubator

Steri Cycle 160, Thermo Fisher
Scientific, USA

Cold Room

Birikim Elektrik Sogutma, Turkey

Deep Freezer (—150°C)

Sanyo MDF-1156, UK; Thermo
Scientific, USA

Deep Freezer (—20°C)

Ugur, UFR 370 SD, Turkey

Deep Freezer (—80°C)

Sanyo Ultra Low, UK; Thermo
Scientific, USA

Documentation System

Gel Doc XR System, Bio-Doc, Italy;
G-BOX Chemi XX6, Syngene, UK

Hemocytometer

ISOLAB, Neubauer, 075.03.001,

Germany




Table 3.7: General Equipment used in this study (cont.)
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Equipment

Supplier

Ice Machine

Scotsman Inc., Italy

Magnetic Stirrer

MS-H-S, Dragonlab, China

Microcentrifuge

VWR CTI15RE, Japan

Microliter Pipettes

Axygen, USA

Microplate Reader

680, Bio-Rad, USA

Microscopes Inverted Microscope, Nikon Eclipse
TS100, Netherlands;

Fluorescence Microscope, Zeiss
Observer.Z1, Germany

Microspin VWR Galaxy Ministar, USA
Oven Gallenkamp 300, UK
pH Meter Mettler Toledo, USA

Pipettor Brandtech Accu-jet, USA

Power Supply

Power Pac Universal, Bio-Rad, USA

Refrigerator (4°C)

Ugur, USS 300 DTK, Turkey

SDS-PAGE Transfer System

Bio-Rad, USA

Software ImageJ (NTH, USA); GraphPad Prism
8.4.2, USA
Vortex VWR, USA




Table 3.7: General Equipment used in this study (cont.)
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Equipment

Supplier

Water Purification

WA-TECH UP Water Purification

System, Germany

Waterbath

Memmert Water Bath, Germany
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4. METHODS

4.1. Cell Culture

HK-2 and WB-F344 cells were cultured in DMEM /F12 supplemented with 10%
Fatal Bovine Serum, 1% (v/v) Penicillin (100U/mL)-Streptomycin (100pg/mL), and
1% (v/v) L-Glutamine at 370C (Complete Medium), 5% CO2 and humidified at-
mosphere. MEF cells were cultured in DMEM /F12 supplemented with 10% Fatal
Bovine Serum, 1% (v/v) Penicillin (100U /mL)-Streptomycin (100pg/mL), 1% (v/v)
L-Glutamine, and 1X MEM Non-Essential Amino Acids Solution at 37°C, 5% CO2
and humidified atmosphere. Cells were grown in 60 mm 100 mm or 150 mm cell cul-
ture dishes and were sub-cultured every other day. During chemical treatments, FBS

amount was decreased to 5% (Assay Medium).

4.2. Chemicals and Treatments

Cells were treated with OTA for determined periods of time specific to the experi-
mental sct-up. Pre-determined doscs of clF2a kinasc inhibitors C16, A92 and GSK’414
were treated to cells individually, approximately 2h before respective OTA treatment.
100 pM puromycin was treated to cells 15 minutes before sample collection, while 100
1M cycloheximide was treated separately as negative control, 30 min before puromycin.
Cells were treated with 1 pM wortmannin and 50 nM rapamycin lhprior to respective

OTA treatments. Stock solutions of both were prepared with DMSO.

Stock solutions of OTA and cycloheximide were prepared in EtOH and control
cells were treated with vehicle, 0.1% v/v EtOH. Stock solutions of C16, A92 and
GSK2606414 (GSK’414) were prepared in DNSO, while the stock solution of puromycin
was prepared in ddH20. Stock solutions of C16, A92 and GSK’414 were stored at -
80°C, while aliquots in use stored at -20°C. All of the stock solutions were stored at

-20°C.
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4.3. CVDK-8 Viability Assay

NutriCulture Cell Viability Detection Kit-8 (CVDKS8) was used to determine
viability of cells under experimental manipulations in HK-2, WB-F344 and MEF cells.
Cells were seeded on 96-well plate at 1x104 cell/well density for HK-2 and MEF and
2x104 cell/well density for WB-F344 cells. After inhibitor and/or OTA treatments, at
the time of sample collection, 10ul/well working solution of CVDKS kit added on the
cells. After 2h of incubation, absorbance values were measured at 450 nm wavelength

by microplate reader.

4.4. Protein Extraction and Western Blotting

After each treatment, cells were rinsed with cold PBS and were lysed in RIPA
supplied with protease and phosphatase inhibitors. RIPA was added to the cells on
plate and cells were incubated on ice for at least 30 minutes or stored in -20 oC for a few
days. If the cells were in -20 oC, they were thawed on ice. Then the cells were scraped.
The lysates were incubated on ice for at least 30 minutes. Lysates were centrifuged at
14000 RPM at 4 °C for 15 min. Supernatant was collected as total protein lysate after
centrifugation. Concentrations of the protein lysates were quantfied by Pierce™ BCA

Protein Assay Kit according to its manual.

10-40 pg total protein lysates were mixed with 4X protein loading dye and de-
natured at 95 °C for 5 min, then loaded on the gel 10% resolving, 4% stacking SDS-
Polyacrylamide gel. On stacking and resolving gel, proteins were run at 80V and 100V,
respectively. After running, proteins were transferred to PVDF membrane using Bio-
Rad SDS-PAGE transfer system. Membranes were blocked in blocking solution for at
least for 45 min at RT. After blocking, membranes were washed with TBS-T 3 times
for 5 min. Then membranes were incubated with primary antibody solution overnight
at 4 °C. After first antibody incubation, membranes were washed with TBS-T 3 times
for 5 min and incubated in HRP-linked second antibody (Rabbit or Mouse IgG) solu-

tion for at least 1h at RT. After second antibody incubation membranes were washed
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again 3 times with TBS-T and incubated inhRP substrate-cnhancer solution Clarity
Western ECL Substrate for about 30 seconds. The protein bands were visualized with
chemiluminescence visualization system Syngene and were analyzed by ImageJ image

analysis software. GAPDH or -actin was used as loading control.

4.5. SUnSET Method

To visualize global translation rates, the SUnSET (Surface Sensing of Transla-
tion) method was used. This technique relies on the incorporation of the antibiotic
puromycin into nascent growing peptides on actively translating ribosomes, which can
then be detected via Western blot using an anti-puromycin antibody (Aviner, 2020).
For this purpose, 100uM puromycin was added to the cells 15 minutes before sample
collection. As a negative control, 100uM cycloheximide was added to separate wells 30
minutes prior to puromycin trecatment to inhibit translation. After trcatment, cells were
lysed and processed for Western blotting as described above. For statistical analysis,
CHX-treated samples were excluded, as their near-complete inhibition of translation

markedly skews variance and significance testing within experimental groups.

4.6. Statistical Analysis

Statistical analysis was performed with GraphPad Prism 8.4.2 software. The
data were shown as mean + standard error of the mean, and for comparisons, ANOVA
and Bonferroni (as post-hoc) were used. The data were first normalized to the loading
control (GAPDH or (-actin) and then to the control sample to calculate the fold-
change, as presented in the figures. The number of independent replicas is represented
as “n” on each graph in the figures. Significance vs. control: ns: non-significant,

*n < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Significance between non-
control groups: #p < 0.05, ##p < 0.01, #HH#p < 0.001, #HH#H#p < 0.0001.
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5. RESULTS

5.1. Investigation of the Time-Dependent Effects of OTA on elF2a

Phosphorylation and Global Translation Rate

Eukaryotic initiation factor (eIF2) complex is responsible for the recruitment
of the initiator methionyl-transfer RNA to translation initiation complex on mRNAs
while phosphorylation of a subunit on elF2 results in inhibition of such recruitment
and leads to subsequent decreased in 5’cap dependent (i.e. global) translation rate
(Krishnamoorthy et al, 2001). In the literature, it was shown that dose-dependent
OTA exposure increases elF'2a phosphorylation in human proximal tubular epithelial
(HK-2) cell line (Deng et al., 2023); however, there is no time-dependent experiment
and there is no study available to show the link in OTA-induced eIF2«a phosphorylation

and inhibition of protein synthesis simultaneously.

As part of this thesis, the mechanism of cIF2a phosphorylation and subscquent
inhibition of global translation rate is investigated across different cell lines. For this
purpose, HK-2 and rat liver progenitor (WB-F'344) cells were treated with vehicle for
24h (Ctr) or 10 uM OTA for 1, 3, 6, 12, 24h, then elF2a and p-elF2a levels were
visualized with Western Blot Analysis. Global translation rate for the same set-ups
were observed with surface sensing of translation (SUnSET) method, in which 100
pM puromycin (PURQO) treated to cells before sample collection while cycloheximide
(CHX) trcated as a ncgative control. OTA incrcased p-clF2a levels significantly at
12 and 24h while decreasing global translation rate significantly at 6, 12 and 24h in
HK-2 cells (Figure 5.1). On the other hand, for WB-F344 cells, p-elF2« increase
were significant at 6 and 12h time-points and decreased significantly at 24h, the same

manner of action observed also in the global translation inhibition rate (Figure 5.2).
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Figure 5.1: Time-dependent effects of OTA on p-elF2a and global translation in
HK-2 cells. OTA induces (a) p-elF2a and (b) global translation inhibition in a
time-dependent manner. HK-2 cells were treated with vehicle (Ctr) or 10 uM OTA
for the indicated times. Data are shown as fold change vs. vehicle (mean +SEM; n =

independent replicates).
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Figure 5.2: The time-dependent effects of OTA on p-elF2a and global translation in
WB-F344 cells. OTA induces (a) p-eIF2a and (b) global translation inhibition in
time-dependent manner in WB-F344 cells, visualized with Western Blot analysis.

The cells were treated with vehicle in Ctr or 10 uM OTA for indicated time periods.

In the literature, a dose of 10 M was identified as subtoxic for MEF cells (Akpinar
et al., 2019). However, our cells exhibited heightened sensitivity to OTA exposure
at this concentration. This discrepancy may be attributed to ccllular scnsitization

following mycoplasma clearance via antibiotic treatment. Certain antibiotics, that are
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also uscd for mycoplasma trcatments, have been reported to modulate stress response
pathways and alter drug sensitivity of eukaryotic and mammalian cells, which supports
our notion (Kalghatgi et al., 2013; Moullan et al., 2015). Therefore, MEF cells were
exposed to 24h OTA in dose-dependent manner as indicated in Figure 5.3a and the cell
viability measured to determine the subtoxic dose in which most cells live, while OTA
toxicity is still visible. In 7.5 uM treatment approximately 86.3% cells were viable
while the viability decreased to 51.8% and 21.6% in 10 uM and 15 pMN OTA exposure
respectively (Figure 5.3a). Subsequently, p-elF2a and global translation levels of time-
dependent 7.5 uM OTA treatment in MEF cells were visualized. Result indicated
peak increase in p-elF2« (Figure 5.3b) and likewise decrease in global translation at

6h time-point (Figure 5.3c).
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Figure 5.3: The cell vialibity under dose-dependent OTA exposure, and
time-dependent effects of OTA on p-elF2a and global translation in MEF cells. (a)
Cell viability of OTA exposure at indicated concentrations for 24h. OTA induces (b)
p-elF2« and (c) global translation inhibition in time-dependent manner in MEF cells,

visualized with Western Blot analysis.
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5.2. Investigation of the Effects of eIF2a Kinase Inhibition on
OTA-Induced Toxicity

The phosphorylation of el[F2a can be induced by four different kinases namely
PKR, GCN2, PERK and HRI, depending on the environmental stress conditions
(Pakos-Zebrucka et al., 2016). Even though PERK has been indirectly suggested as
a potential kinasc responsible for OTA-induced cIF2a phosphorylation (Deng et al.,
2023), there is no evidence on the involvement of other kinases or experimental proof

confirming this mechanism.

Since ER stress, oxidative stress, and amino acid starvation, known to activate
PKR, PERK, and GCN2, respectively, have already been associated with OTA-induced
toxicity (Deng et al., 2023; Wang et al., 2022; Yang et al., 2023), these kinases stand out
as strong candidates responsible for OTA-induced elF2a phosphorylation. Exploiting
the extensively studied and commercially accessible specific chemical inhibitors, namely
C16, GSK2606414 (GSK’414), and A92, which selectively target PKR, PERK, and
GCN2, respectively (Bagratuni et al., 2020; Brazeau and Rosse, 2014; Jammi et al.,
2003), their involvement was investigated to clucidate the underlying mechanism of

OTA toxicity.

5.2.1. Dose- Dependent Effects of elF2a Kinase Inhibitors on elF2a Phos-

phorylation and Global Translation Under OTA exposure

The elF2a kinases play a central role in integrated stress response (ISR) mech-
anisms and manipulation of one might result in cross-activation of a sister kinase.
Therefore, taking into the valuable study of Szaruga and colleagues on the inhibitors
of interest (Szaruga et al., 2023), dose-dependent experiments were conducted to iden-
tify the inhibitory doses that cause no cross-interaction of another kinase while inter-
fering with OTA-induced toxicity. For this purpose, 0.25, 0.5, 1, 5, 10 uM for C16
and GSK’414; while 0.5, 1, 2.5, 5, 10 puM concentrations for A92 chosen. HK-2 and

WB-F344 cells were treated with above mentioned dosages of inhibitors in the presence



or abscnce of 10 pM OTA for 12h. In HK-2, at 1 uM C16 (Figurc 5.4a) and 1 M
A92 (Figure 5.4b) treatments, p-elF2a levels remained similar to the control even in
the presence of OTA, despite OTA alone induced a marked increase in p-elF2a levels.
Higher concentrations of only C16 or A92 treatments showed increased p-elF2a com-
pared to control samples, indicating possible unwanted cross-activity of a sister kinase.
On the other hand, GSK’414 treatment did not substantially reduce OTA-induced p-
elF2« levels (Figure 5.4c); therefore, 1 uM was chosen as the selected concentration,
as it is an effective dose reported in the literature (Szaruga et al., 2023) that also does

not appear to cross-activate other kinases in this experiment.

Similarly in WB-F344 cells, 1 uM C16 and 5 upM A92 were the effective dosages
that decrcased OTA-induced p-clF2a, whercas GSK’414 did not demonstrate such an

effect and was also selected as 1 uM for consistency (Figure 5.5).

In MEF cells, same concentrations of inhibitors treated with or without 7.5 uM
OTA for 6h, and cffective dosages were 1 pM C16 and 2.5 uM A92 while GSK’414
did not have substantial effect on p-elF2a. phosphorylation, so 1 uM used for further

experiments (Figure 5.6).

These findings demonstrate selective modulation of ISR pathways at the selected
inhibitor concentrations, effectively minimizing cross-kinase activation and facilitating
the identification of optimal dosages to dissect kinase-specific contributions to OTA-

induced stress signaling.

Building upon these data, the selected doses (Table 5.1) were repeated with or
without OTA co-treatment to examine p-elF2«a levels along with changes in global
translation via SUnSET method, visualized as Western Blot image and statistical anal-

ysis conducted.
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Figure 5.4: Dose-dependent assessment of ISR kinase inhibitors on p-elF2« levels
under 12h OTA expoure in HK-2. Cells were treated with increasing concentrations
of the ISR kinasc inhibitors (a) C16 (0.25-10 M), (b) A92 (0.5-10 M), and (c)
GSK’414 (0.25-10 uM) in the presence or absence of 10 uM OTA for 12h. GAPDH or

[B-actin was used as a loading control.
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Figure 5.5: Dose-dependent assessment of ISR kinase inhibitors on p-elF2« levels in
response to 12h OTA treatment in WB-F344. Cells were treated with increasing
concentrations of the ISR kinase inhibitors (a) C16 (0.25-10 uM), (b) A92 (0.5-10
puM), and (c) GSK’414 (0.25-10 M) in the presence or absence of 10 uMN OTA for

12h. GAPDH or p-actin was used as a loading control.
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Figure 5.6: Dose-dependent assessment of ISR kinase inhibitors on p-elF2a levels in
response to 6h OTA treatment in MEF. Cells were treated with increasing
concentrations of the ISR kinase inhibitors (a) C16 (0.25-10 uM), (b) A92 (0.5-10
uM), and (c) GSK’414 (0.25-10 uM) in the presence or absence of 7.5 uM OTA for

6h. [-actin was used as a loading control.

Table 5.1: Doses chosen for PKR, GCN2 and PERK inhibitors on different cell lines.

Cell Line Inhibitor Doses

HK-2 1M C16 1uM A92 1M GSK’414

WB-F344 1M C16 KM A92 1uM GSK’414
MEF 1M C16 2.5uM A92 1uM GSK’414
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To investigate the impact of ISR kinasc inhibition on OTA-induced cIF2a phos-
phorylation and translational repression, HK-2 cells were treated with the selected
inhibitor concentrations (1 M C16, 1 uM A92, 1 ulM GSK’414), with or without OTA
co-treatment for 12h. Western blot analysis revealed that OTA treatment alone in-
duced a marked increase in p-eIlF2a levels, consistent with activation of the integrated
stress response. Co-treatment with C16 or A92 significantly reduced OTA-induced
p-elF2« levels, while GSK’414 caused only a modest decrease (Figure 5.7a). However,
the global translation levels, assessed by the SUnSET method, showed a divergent
pattern. Despite the reduction in p-elF2q, co-treatment with C16 did not restore
translation levels suppressed by OTA. In contrast, A92 and GSK’414 co-treatments
partially recovered global translation compared to OTA alone (Figure 5.7b). These
findings suggest that GCN2 and PERK inhibition may alleviate OTA-induced transla-
tional repression to a limited extent, whereas PKR inhibition reduces p-elF2a without
improving translation, indicating that reduction in p-elF2« alone is not sufficient to

restore translation under OTA-induced stress.

Similar experimental set-ups were applied to WB-F344 cells to assess cell-type
specific effects further. Consistent with HIK-2 data, OTA treatment led to a clear in-
crcasc in p-cIF2a and a marked reduction in global translation. Co-trcatment with
C16 or A92 effectively reduced OTA-induced p-elF2a levels, with A92 showing a more
pronounced effect (Figure 5.8a). In contrast to HK-2 cells, both C16 and A92 also
partially restored global translation in WB-F344 cells (Figure 5.8b), indicating that
suppression of elF2a phosphorylation by PKR or GCN2 inhibition was sufficient to
relieve translational repression in this context. Notably, GSK’414 (PERK inhibitor)
did not reduce p-elF2a levels and appeared to further enhance OTA-induced phospho-
rylation, suggesting possible compensatory activation of other cIF2« kinascs. Corre-
spondingly, GSK’414 co-treatment failed to improve translation, suggesting a limited

role for PERK in OTA-induced stress signaling in WB-F344 cells.
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Figure 5.7: Effect of elF2a kinase inhibition on OTA-induced elF2a phosphorylation

and global translation in HK-2 cells. HK-2 cells were treated with 10uM OTA, elF2«
kinase inhibitors (1uM C16, A92, or GSK’414), or combinations for 12h. Western
blots show (a) p-elF2«, and (b) puromycin incorporation (SUnSET assay).



38

a WB-F344
1M 5uM 1uM
Inhibitors _ Ctr c16 A92  _GSK'414
10)MOTA - + - + - + - +
p-elF2a
- - n— - (ser51)

—————— ——— |B-actin

p-elF2a/B-actin

p-elF2a/B-actin

p-elF2a/B-actin

4+ 84 154
*k *%
© 3- ° 6 *kk °
G 27 ns. S 47 ns. 3] ns-
) s ns. bt
S ] S 57
w o w o w
ns.
0- n=8  o- n=8 0- Y T n=8
S o A N A S T W W
G 6‘0«?@0\ xo«\’ J @o« é@ xo« J @o« p é‘uog'l‘;«\*
\QQ N 0\6 \g‘} o vgp"b \QQ \§ x
Treatment (12h) Treatment (12h) Treatment (12h)
b
WB-F344
1uM 5uM 1uM
Inhibitors Ctr C16 A92 GSK'414
10|IM OTA - + - + - + - + CHX PUROIB-aCtln
1.5+
e
o) ns. ns.
- - - 2 1.0+
: 2
o ns.
- ’ k-] *
'S 0.5
PURO “* *k ko
L
A A S A o \sd
G “‘o‘ “‘d‘ ) & “‘@ & 61‘3\ ) &
L] X W e R vgm & o
S
O
Treatment (12h)

G - — s e (B-actin

Figure 5.8: Effect of elF2«a kinase inhibition on OTA-induced elF2a phosphorylation
and global translation WB-F344 cells. HK-2 cells were treated with 10uM OTA,
elF2a kinase inhibitors (1M C16, 5uM A92, or 1uM GSK’414), or combinations for
12h. Western blots show (a) p-eIF2a, and (b) puromycin incorporation (SUnSET

assay).
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Figure 5.9: Effect of elF2a kinase inhibition on OTA-induced elF2a phosphorylation

and global translation MEF cells. MEF cells were treated with 7.5uM OTA, elF2«

kinase inhibitors (1uM C16, 2.5uN A92, or 1uM GSK’414), or combinations for 6h.

Western blots show (a) p-elF2a, and (b) puromycin incorporation (SUnSET assay).

The same experimental design was applied to MEF cells using the selected in-

hibitor concentrations, with analysis performed after 6h of OTA exposure, based on

peak p-elF2a timing established previously. As in HK-2 and WB-F344 cells, OTA

treatment led to a clear increase in p-elF2a levels and a strong reduction in global

translation (Figurc 5.9). Co-trcatment with A92 (GCN2 inhibitor) markedly reduced

OTA-induced p-elF2a levels and partially restored translation. C16 (PKR inhibitor)

also lowered p-elF2a and led to a moderate recovery in translation, although less pro-
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nounced than A92. In contrast, GSK’414 (PERK inhibitor) did not reducc p-cIF2a
levels and had minimal impact on OTA-induced translation repression. These findings
indicate that in MEF cells, inhibition of GCN2 and, to a lesser extent, PKR, can miti-
gate OTA-induced translational repression, while PERK inhibition remains ineffective,

consistent with trends observed in HK-2 and WB-F344 cells.

5.2.2. Effects of eIF2a Kinase Inhibitions on OTA-induced Cell Death

Based on the literature and our previous experiments, we have determined opti-
mal effective doses where in vitro OTA toxicity is most pronounced. Approximately
20% of cells undergo cell death, and cellular responses such as deregulation of signaling
pathways are observed following 24h treatment with OTA at utilized doses; neverthe-
less, the majority of cells ( 80%) remain viable (Akpinar et al., 2019; Ozcan et al.,
2015). Since inhibition of cIF2a kinascs led to a partial incrcase in global translation
rates in a cell type-specific manner at time points showing peak elF2a phosphoryla-
tion, we examined their effects on OTA-induced cell death both at those earlier time

points and at 24h.

At 12h, treatment with 10uM OTA slightly reduced HK-2 cell viability compared
to the untreated control cells, while 1M C16 alone did not significantly alter viability.
Co-treatment with C16 and OTA led to a further significant reduction in cell viability
compared to control and was significantly lower than C16 alone, indicating that C16
did not rescue OTA-induced cytotoxicity. Similarly, both A92 and GSK’414 treatments
reduced viability compared to control and their co-treatments with OTA led to fur-
ther reductions, with significantly lower viability than A92 or GSK’414 alone (Figure
5.10a). At 24h, OTA-induced cytotoxicity was even more severe, with viability drop-
ping further. All inhibitors alone (C16, A92, GSK’414) significantly decreased viability
compared to control. Combination treatments with OTA resulted in the most substan-
tial reductions in cell viability, with significant differences compared to inhibitor-only
groups (Figure 5.10b). Notably, A92 + OTA and GSK’414 + OTA showed the lowest
cell viability overall. These findings indicate that ISR inhibitors not only fail to pro-
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teet against OTA-induced cytotoxicity but may cxacerbate cell decath when combined,

especially after 24h of treatment.

In line with findings from HK-2, elF2« kinase inhibition also altered OTA-induced
cytotoxicity in WB-F344 liver progenitor cells, revealing cell type-specific differences in
stress response dynamics. While OTA alone had little to no effect on viability at 12h
and caused only moderate cytotoxicity at 24h, inhibition of GCN2 using A92 led to a
pronounced reduction in cell viability at both time points, even in the absence of OTA,
highlighting a critical survival role for GCN2 in this cell type. Similarly, co-treatment
with GSK’414 and OTA significantly decreased viability at 24h, despite GSK’414 alone
being non-toxic. In contrast, C16 had little impact at 12h but notably reduced viabil-
ity at 24h, particularly in combination with OTA, suggesting that PKR contributes to
longer-term survival under sustained OTA stress in WB-F344 cells (Figure 5.11).These
findings support the idea that ISR kinase function and its contribution to OTA sen-
sitivity is highly context-dependent, shaped by intrinsic stress adaptation mechanisms

of each cell type.

Consistent with cell line-specific ISR modulation patterns, MEF cells exhibited
a distinct cytotoxic profile upon OTA exposure and ISR kinase inhibition. At 6h,
treatment with 7.5uN OTA alone or in combination with C16 or GSK’414 did not
significantly affect cell viability, indicating limited acute cytotoxicity in this early phase.
However, inhibition of GCN2 using A92 significantly reduced viability both alone and
in combination with OTA where combinatorial condition displaying stronger toxicity

compared to A92 alone (Figure 5.12a).

By 24h, OTA treatment alone led to a moderate but significant reduction in via-
bility, with A92 again showing pronounced cytotoxic effects both alone and when com-
bined with OTA. Interestingly, GSK’414 and OTA co-treatment caused a substantial

reduction in viability, while GSK’414 alone remained non-toxic at given concentration.



42

a HK-2 b HK-2
M : i
150 T P 150 et
## —_ ##
5100- ns. §-100-
g s
S >
> 501 = 50+
) []
o (8]
0- n=3 n=3
< © a5 > A A S P\ SN A o
NIRRT IR & o &
x x ‘l‘ x @ @ @ () x
F oo T P X N o W G (67 B
W g W (O T T
\Q 09 N 09
Treatment (12h) Treatment (24h)

Figure 5.10: Effect of ISR kinase inhibition on OTA-induced cytotoxicity in HK-2
cells. HK-2 cells were treated with 10 uM OTA, PKR inhibitor C16 (1 uM), GCN2
inhibitor A92 (1 M), or PERK inhibitor GSK’414 (1 M), alone or with 10 pM
OTA for (a) 12 h and (b) 24 h.
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Figure 5.11: Effect of ISR kinase inhibition on OTA-induced cytotoxicity in WB-F344
cells. Cells were treated with 10 xM OTA, PKR inhibitor C16 (1 puM), GCN2
inhibitor A92 (5 M), or PERK inhibitor GSK’414 (1 M), alone or with 10 pM
OTA for (a) 12 h and (b) 24 h.
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C16, cither alonc or with OTA, did not dramatically altcer viability at cither time
point (Figure 5.12b). These results demonstrate that MEFs, like the other cell lines,
respond to ISR inhibition in a kinase- and time-dependent manner, with GCN2 and

PERK inhibition showing the greatest impact on cell survival under OTA stress.
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Figure 5.12: Effect of ISR kinase inhibition on OTA-induced cytotoxicity in MEF
cells. Cells were treated with 7.5 uM OTA, PKR inhibitor C16 (1 M), GCN2
inhibitor A92 (2.5 pM), or PERK inhibitor GSK’414 (1 uM), alone or with 7.5 uM
OTA for (a) 6 h and (b) 24 h.

Across all three cell lines, OTA treatment resulted in a time-dependent reduction
in cell viability, with the strongest effects observed at 24h. In all cell lines, co-treatment
with the PERK inhibitor GSK’414 consistently reduced viability further than OTA
alone at 24h, despite GSK’414 alone being non-toxic. A92 (GCN2 inhibitor) signifi-
cantly decreased viability both alone and in combination with OTA in WB-F344 and
MEF cells, while its effect was more moderate in HK-2 cells. In contrast, C16 (PKR
inhibitor) had minimal impact on MEF viability, a delayed effect in WB-F344 cells,
and moderate cytotoxicity in HK-2 cells when combined with OTA. These results indi-

cate that while OTA-induced cytotoxicity and ISR kinase inhibition affect all three cell
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lincs, the magnitude and timing of responscs differ depending on the kinase targeted

and cell type.

5.3. Investigation of The Cross-Talk between PI3K/Akt/mTOR and
elF2a Phosphorylation under OTA exposure

OTA has been shown to activate PI3K/Akt/mTOR pathway, cvidenced by in-
creased phosphorylation of Akt as well as mTORC1 downstream targets p70 and pS6.
Inhibition of PI3K/Akt activity by wortmannin has been reported to reduce cell via-

bility, suggesting that OTA promotes cell survival through activation of this pathway
(Ozcan et al., 2015).

Phosphorylation of elF'2« has been associated with the PI3K/Akt/mTOR path-
way in several studies, although the specific elF2«a kinase involved varies depending on
the disease model or type of environmental stress of context (Jin et al., 2021; Mounir
et al., 2011; Xu et al., 2018). Even though OTA was reported to induce both Akt and
elF2a phosphorylation separately (Deng et al., 2023; Ozcan et al., 2015; Wang et al.,
2022), potential cross-talk between these survival pathways has not been previously

explored.

5.3.1. Effects of eIF2a Kinase Inhibitions on PI3K/Akt/mTOR Pathway

While certain doses of elF2« kinase inhibitors partially recovered protein syn-
thesis inhibition under OTA exposure, the same doses exacerbated OTA-induced cell
death dramatically. Since OTA exposure induces the PI3K/Akt/mTOR pathway to
promote cell survival, the effect of elFF2a kinase inhibition on this pathway was also
examined by checking key pathway components: p-Akt (Serd73), p-p70 (Thr389), and
p-S6 (Ser235/236) at 12h of OTA exposure for HK-2 and WB-F344 cells, and 6h for
MEF cells, corresponding to peak p-elF2« induction. In all three cell lines, OTA treat-
ment alone increased phosphorylation of Akt and its downstream targets, consistent

with PI3K/Akt/mTOR pathway activation (Figure 5.13).
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A92 trecatments led to a marked decrecase in p-Akt levels in all cell lines, while
C16 showed substantial decrease in WB-F344 and MEF, and GSK’414 showed minimal
decrease, even further increase in WBF-344 and MEF. On the other hand, the effect
on downstream components showed more variations. In HK-2 cells, A92 and GSK’414
reduced p-p70 and p-S6 levels, while C16 had little effect. In WB-F344 and MEF cells,
only A92 substantially decreased phosphorylation of p70 and S6, whereas C16 and
GSK’414 did not significantly affect these targets (Figure 5.13). These results show
that while both PKR and GCN2 inhibition suppress Akt activation under OTA stress,

only GCN2 inhibition consistently reduces mTORC1 downstream signaling across all

cell lines.
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Figure 5.13: Effect of elF2« kinase inhibition on PI3K/Akt/mTOR activation under
OTA. HK-2 and WB-F344 cells were treated with 10 uMN OTA for 12 h, and MEF
with 7.5 uM for 6 h, with or without inhibitors (C16, A92, GSK’414). Western
blotting for p-Akt, p-p70, and p-S6 assessed pathway activity, with S-actin as loading

control.
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5.3.2. Effects of PI3K/Akt and mTOR Inhibitions on elF2a Phosphoryla-

tion

In order to further examine the cross-activation between these pathways,
PI3K/Akt and mTORC activity was inhibited via wortmannin and rapamycin, respec-
tively, and their effects on time-dependent OTA induced p-elF2« levels investigated
in HK-2 and WB-F344 cclls. Inhibition cfficicncy was confirmed by reduced p-Akt
levels following wortmannin treatment, and by reduced phosphorylation of p-p70 and
p-S6 in response to rapamycin, confirming effective mTORC1 inhibition. In both cell
lines, PI3K/Ak¢t inhibition via wortmannin treatment resulted in a marked decrease in
OTA-induced p-elF2« levels, particularly at time points where p-eIF2a levels typically
peaked following OTA treatment alone (Figure 5.14, Figure 5.15). This suggests that
PI3K/Akt activity may support or sustain ellF2« phosphorylation under OTA-induced

stress.

In contrast, mTORCI inhibition showed a cell-type specific outcome. In WB-
F344 cells, rapamycin had no detectable effect on OTA-induced p-elF2a levels across
time points, indicating that mTORC1 docs not play a significant role in modulating
ISR activation in these cells (Figure 5.15). In HK-2 cells, however, rapamycin treatment
moderately reduced the fold increase in p-ell2« levels compared to OTA alone (Figure
5.14). Despite this, HK-2 cells still exhibited significant p-elF2«a induction at the same
peak time points as with OTA alone, suggesting that mTORC1 inhibition does not

fully suppress OTA-induced ISR activation but may modulate its intensity.
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Figure 5.14: Effect of PI3K/Akt and mTORC1 inhibition on OTA-induced p-elF2«
in HK-2 cells. Cells were treated with 10 M OTA + wortmannin (1 pM) or
rapamycin (50 nM). Western blots for p-elF2a, p-Akt, p70, p-p70, and p-S6

confirmed effective inhibition; S-actin was loading control. Quantifications are fold

change to control (mean == SEM, n=4 for OTA; n=3 for WORT/RAPA)
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Figure 5.15: Effect of PI3K/Akt and mTORCI inhibition on OTA-induced p-elF2«
in WB-F344 cells. Cells were treated with 10 M OTA + wortmannin (1 M) or
rapamycin (50 nM). Western blots for p-elF2a, p-Akt, p70, p-p70, and p-S6
confirmed effective inhibition; S-actin was loading control. Quantifications are fold

change to control (mean + SEM, n=4 for OTA; n=3 for WORT /RAPA).
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6. DISCUSSION

6.1. Mechanism of OTA-Induced elF2a Phosphorylation and Global

Translational Repression

In this thesis, the cellular responses to OTA-induced stress were investigated with
a particular focus on global translational inhibition mechanisms governed by elF2a
phosphorylation and its interplay with survival pathways, namely PI3K/Akt/mTOR.
OTA is a well-documented nephrotoxin known to disrupt cellular homeostasis through
various stress signaling cascades, including oxidative stress, apoptosis, and survival
pathways (Akpinar et al., 2019; Ozcan et al., 2015). One of the most consistently
observed and mentioned effects of OTA in the literature is its capacity to inhibit protein
synthesis, which is often linked to phosphorylation of elF2« (Creppy et al., 1983;
Ozcan et al., 2015). However, the identity of the elF2«a kinase(s) responsible for this
phosphorylation event or the mechanism of the phenomenon under OTA exposure had

remained unexplored, particularly across different cell types.

In accord with earlier reports demonstrating OTA disrupts protein synthesis by
activating the Integrated Stress Response (ISR) (Creppy et al., 1983; Deng et al., 2023),
time-course experiments confirmed a robust, time-dependent rise in p-elF2a accom-
panied by a marked decline in global translation in HK-2, WB-F344, and MEF cells
(Figure 5.1, Figure 5.2, Figure 5.3). Building upon the defined peak phosphorylation
time-points, specific chemical inhibitors- C16, A92, and GSK’414-were usced to inhibit
PKR, GCN2, and PERK, respectively, in order to determine which kinase(s) con-
tribute to phosphorylation for each cell-type. Dose-response analyses first established
concentrations that decreased OTA-induced p-elF2« without inducing cross-activation
of sister kinases, enabling a clean interpretation of downstream effects (Figure 5.4,

Figure 5.5, Figure 5.6).
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GCN2 and PKR inhibition consistently attecnuated OTA-induced p-clF2« in all
three cell lines, whereas PERK inhibition had no effect on MEF (Figure 5.9) produced
only modest suppression in HK-2 cells (Figure 5.7) and even potentiated p-elF2« in
WB-F344 cells (Figure 5.8), suggesting compensatory ISR signaling upon PERK block-
ade. Despite similar reductions in p-elF2q, translational recovery was kinase- and
cell-type-specific: GCN2 inhibition partially restored translation in all models, PKR
inhibition relieved repression in WB-F344 and MEF cells but not in HK-2 cells, while
PERK inhibition only partially restore translation in HK-2. These results underline
that p-elF2«a levels alone do not dictate translational output; rather, kinase-specific
downstream events and cellular context have significant effects of the modulation of
this mechanism. The findings highlight the complex and non-linear nature of trans-
lational control under stress and underscore the importance of considering both the

phosphorylation status and translational machinery when evaluating ISR dynamics.

Furthermore, although partial recovery in translation was observed with A92 and
GSK’414 in HK-2 (Figure 5.10), while with C16 and A92 in WB-F344 (Figure 5.11)
and MEF (Figure 5.12), the same conditions significantly exacerbated OTA-induced
cell death, dramatically pronounced with prolonged exposure. This paradox suggests
that cIF2a phosphorylation may scrve a protective role under OTA stress, and its
suppression, though temporarily beneficial for translation, may ultimately compromise
cell survival by disrupting adaptive mechanisms. It was also evident that even in the
absence of OTA, GCN2 inhibition alone decreased cell viability, which was further ex-
acerbated with prolonged inhibition. This aligns with previous findings showing that
GCN2 activation is crucial for basal cellular metabolism and balanced protein biogen-
esis even in the absence of stress, because the prolonged inhibition causes excessive
protecin synthesis and disrupts metabolic homcostasis (Romén-Trufero et al., 2025).
Although GCN2 inhibition alone reduced cell viability, the pronounced cytotoxicity
under OTA co-treatment indicates that OTA imposes additional stress. This suggests
that GCN2 is particularly required to counteract OTA-induced proteotoxic burden,
distinguishing the effect from the inhibition toxicity.
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Interestingly, GSK’414 in combination with OTA causcd marked cell death at 24h,
while being non-toxic when used alone in all three cell lines (Figure 5.10, Figure 5.11,
Figure 5.12), having limited effect on el'2« phosphorylation and recovery of translation
rate only in HK-2 cell line. This striking toxicity under co-treatment, despite its weak
impact on the ISR markers, suggests that PERK may function primarily as a pro-
survival factor under OTA-induced stress rather than a central mediator of translational
repression, which also explains OTA induced p-PERK levels in the literature (Deng
et al., 2023). Its inhibition likely compromises the cell’s ability to manage ER stress
or oxidative damage triggered by OTA, tipping the balance toward cell death. The
findings suggest a cytoprotective role for PERK under prolonged exposure to OTA,
potentially downstream of main translation inhibition mechanisms, or independently

altogether.

Together, the data indicate that OTA-induced global translation inhibition is
predominantly mediated by GCN2 and PKR, with PERK playing a secondary or com-
pensatory role. Furthermore, ISR engagement acts as a double-edged sword, inhibiting

protein synthesis while simultaneously supporting survival.

6.2. Cross-talk Between PI3K/Akt/mTOR Signaling and eIF2«
Phosphorylation Under OTA Stress

While elF2a phosphorylation limits global translation under OTA exposure, pre-
vious studies have shown that OTA simultaneously activates the PI3K/Akt/mTOR
pathway to promote survival, suggesting a contradictory cellular response balancing
growth suppression and adaptation. Akt phosphorylation at Ser473 and the activation
of mMTORCT downstream targets such as p70 and S6 ribosomal protein were reported
to increase in a dose- and time-dependent manner following OTA treatment (Ozcan et
al., 2015). This activation may serve as a compensatory mechanism, enabling selective
survival and stress adaptation even in the presence of translational arrest. However,
whether and how this survival pathway interacts with ISR signaling had not yet been

addressed in OTA-related stress studies.



To investigate the relationship between these two responses, the cffects of clF2a
kinase inhibition on PI3K/Akt/mTOR activity were examined at 12h of OTA expo-
sure in HK-2 and WB-F344 cells, and at 6h in MEFSs, time points that coincided with
peak p-elF2« levels in each cell type (Figure 5.13). Phosphorylation of Akt (Serd73),
p70 (Thr389), and S6 (Ser235/236) were evaluated as readouts of pathway activity.
Interestingly, inhibition of GCN2 (via A92) and led to a marked reduction in p-Akt
levels across all three cell lines, both alone and in combination with OTA, while the
same effect was observed with inhibition of PKR (via C16) in WB-F344 and MEF cells,
suggesting that ISR kinases, particularly GCN2, contribute to the maintenance of Akt
activity under stress conditions along with basal homeostasis. Notably, PERK inhibi-
tion (via GSK’414) exerted only a mild or inconsistent effect on Akt phosphorylation,

indicating a less significant role in this cross-regulation.

As for the downstream mTORCI signaling, the pattern was more complex. GCN2
inhibition consistently reduced phosphorylation of both p70 and S6 across all cell types,
implicating GCN2 as a key upstream modulator not only of Akt but also of mMTORC1
signaling. PKR inhibition had a more variable effect, moderately reducing p70 and S6
in WB-F344 and MEFs but having limited impact in HK-2 cells. Surprisingly, A92
trcatment alonc caused a notable suppression of p70 and S6 cven in the absence of OTA,
suggesting a basal contribution of GCN2 activity to mTORC1 signaling homeostasis,

independent of stress induction.

To asscss the reciprocal direction of this cross-talk, the ISR response was probed
under chemical inhibition of the PI3K/Akt/mTOR pathway, in HK-2 (Figure 5.14) and
WB-F344 (Figure 5.15) cell lines. PI3K inhibition via wortmannin was confirmed by
decreased p-Akt levels and resulted in a significant reduction in p-elF2a under OTA
exposure, particularly at the peak activation time points. This finding was consis-
tent across HK-2 and WB-F344 cells and indicates that PI3K/Akt activity contributes
to sustaining ISR signaling during OTA-induced stress. mTORCI inhibition via ra-
pamycin had no discernible cffect on WB-F344 cclls but led to a mild attenuation of
p-elF2« in HK-2 cells, despite successful pathway inhibition confirmed by reduced p70
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and S6 phosphorylation. This limited response suggests that the PI3K arm, rather
than mTORC1 downstream targets, plays a more dominant role in promoting elF2a

phosphorylation in this context.

Thesce findings collectively reveal a functional and bidirectional interplay between
elF2a phosphorylation and PI3K/Akt/mTOR pathways. On one hand, ISR kinases,
particularly GCN2, appear to facilitate Akt and mTORC1 activation, potentially sup-
porting the cell’s survival strategy under OTA stress. On the other hand, PI3K/Akt
signaling promotes elF2a phosphorylation. This cross-dependence is particularly ev-
ident in the fact that inhibition of either pathway alone compromises the cellular re-

sponse, as reflected by heightened cytotoxicity and disrupted signaling balance.

Taken together, these data emphasize that the cellular response to OTA, par-
ticularly the regulation of elF2a phosphorylation and protein synthesis inhibition, is
not governed by a single isolated pathway but emerges through a coordinated and cell-
type-specific network of stress and survival signaling. The ISR and PI3K/Akt/mTOR
pathways form an interlinked regulatory circuit, wherein modulation of one arm feeds
back into the other. Understanding this crosstalk helps explain the underlying mech-
anisms beyond surface-level observations, shedding light on how cells actively try to

maintain balance and survive during OTA stress

Given that inhibition of global protein synthesis is one of the most consistently
cited effects of OTA exposure across various biological models, elucidating the molec-
ular mechanisms driving this phenomenon is critical. This study sheds light on the
upstream regulation of elF2a phosphorylation, particularly through GCN2 and PKR,
and highlights its functional interplay with the PI3K/Akt/mTOR pathway. These find-
ings suggest that translational repression under OTA stress is not merely a consequence
of toxicity, but part of a broader adaptive strategy aimed at maintaining cellular bal-
ance. Considering the strong association between OTA exposure and progressive renal
pathologies such as CKD and BEN, which lack effective curative options, the mecha-

nistic insights gained here may hold translational relevance. Targeting GCN2 activity
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or its downstrcam translational programs in a temporally controlled and tissuc-specific
manner could help balance stress adaptation and limit long-term cytotoxic effects of
chronic OTA exposure. Furthermore, as translational control is a central component
of the cellular stress response in many pathological contexts, the dysregulation caused
by OTA may also contribute to toxic outcomes beyond the kidney. Thus, a deeper
understanding of these signaling events not only informs OTA-induced nephrotoxicity

but may also uncover broader implications in the context of mycotoxin-related diseases.

As future perspectives, the ISR kinases can be specifically knocked-down to iden-
tify molecular attributions more clearly, since chemical inhibition might cause unin-
tended effects on cellular responses. Furthermore, the activation of kinases can be vi-
sualized via phospho-specific antibodics for further confirmation. This study proposcs
that the explored mechanism induces an adaptive response under OTA-exposure. Con-
sequently, these adaptive changes can be further investigated using more powerful tools

such as ribosome profiling assays.
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Figure 6.1: OTA activates GCN2 and PKR, causing elF2« phosphorylation and
global translation repression, while also stimulating PI3K/Akt/mTOR and
phosphorylation of p70 and S6 (Ozcan et al., 2015). The pathways interact
bidirectionally, with ISR kinases supporting Akt/mTORC1 and PI3IKK/Akt

contributing to elF2a phosphorylation.
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