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Introduction: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease in which
motor neurons degenerate, resulting in weakened muscle function. Frontotemporal
dementia has similar neuropathological features and is the second most common
dementia in people under 65 years of age. The most common mutation is hexanucleotide
repeat expansion (HRE) G4C2 in the C9orf72 gene. HRE is transcribed in sense and
antisense direction, resulting in (G4C2)n and (C4G2)n RNA, respectively. The length of the
HRE is usually between 2 and 30 repeats in healthy individuals and between a few 10 and
up to 1000 repeats in patients. All cases also show abnormal TDP-43 aggregates in the
cytoplasm of neurons. The pathology of HRE mutation results from three proposed
mechanisms. The first is the formation of RNA foci by transcribed repeats and the
sequestration of RNA-binding proteins which are then unavailable for cellular processes.
The second is the toxicity of dipeptides: GA, GR, GP, PA, PR translated from HRE RNA. The
last mechanism is loss of function of C9orf72 protein due to HRE insertion.

Neurodegenerative diseases are associated with mutations in proteins termed aminoacyl-
tRNA synthetases (ARS). They catalyse the esterification of tRNA to its codogenic amino
acid. If this does not occur, the tRNA remains empty. Irregularities in the performance of
ARS are associated with insufficient or incorrect aminoacylation of tRNA, which can lead
to errors in protein synthesis: misincorporation, frameshifting, or premature insertion of
a stop codon. This was shown in many neurodegenerative diseases like Charcot-Marie-
Tooth and Alzheimer’s disease.

Uncharged tRNAs bind the kinase GCN2 which leads to activation of the integrated stress
response (ISR) via phosphorylation of the elF2q, resulting in formation of SGs. Activation
of ISR also depends on the activation of other three kinases: PERK, PKR and HRI, which are
activated in response to various stressors. SG are dynamic cytoplasmic membranelles
organelles that allow energy to be conserved only for processes necessary for cell survival
by inhibiting translation. SG sequester untranslated mRNAs, RNA-binding proteins,
translation factors, and other components involved in translation that are no longer
available to the cell until the stress subsides.

In a recently published article our group showed that antisense (G4C2)n RNA derived from
C9orf72 mutation interact with a-subunit of cytoplasmic protein phenylalanine-tRNA
synthetase (FARSA)1. This protein attaches amino acid phenylalanine onto tRNAphe. We
showed that this interaction results in decreased aminoacylation of tRNAphe and
incorporation of phenylalanine into proteins. Proteins rich in phenylalanine (over 10 % of



phenylalanine in their sequence) are reduced in C9orf72-patient derived cells and
cerebellum tissue.

Methods: We performed gene ontology (GO) analysis of phenylalanine proteins that have
2 (435 proteins) and 30 (60 proteins) over the average phenylalanine content. Additionally,
we determined the proteins that have regions rich in phenylalanine. We used in house
written programme to look for proteins that have more than 5 x phenylalanine in 15
amino acid window (248 proteins) and 6 x phenylalanine in 25 amino acid window (413
proteins). We performed gene ontology (GO) analysis using DAVID on those proteins with
three different GO terms: biological processes, cellular components and protein domain
keyword analysis.

The activation of GCN2-dependant stress response was observed on HEK293 cells
transfected with sense and antisense repeats and controls. Specific inhibitor of GCN2
kinase A-92 was used to check the activation of GCN2 kinase.

Results: Through bioinformatic analysis, we revealed that the majority of proteins rich in
phenylalanine content localize to membranes, with the endoplasmic reticulum being
particularly prominent. The same was observed for proteins with phenylalanine rich
regions. The most enriched biological processes indicated involvement in various
membrane functions such as sensory signaling and various transport pathways. We
observed notable downregulation and changed localisation of these proteins in cells
derived from C9orf72 patients.

Additionally, we investigated stress responses with the emphasis on the induction of the
starvation response in the presence of the repeats. We showed that sense and antisense
repeats are able to induce GCN2-depandant stress response. Importantly, this stress
response differed between sense and antisense repats one- and two-day after
transfection. The effect of sense (G4C2)n repeats was higher 2 days after transfection. On
the other hand antisense (C4G2)n repeats significantly increased the phosphorylation of
elF2a one day after transfection where the response to GCN2 was also significant. After
two days the cellular stress response was not significant anymore.

Discussion: One of the biggest questions in the field continues to be which of the three
proposed C9orf72 mutation hypotheses contributes most strongly, though probably not
exclusively, to the development of ALS and FTD. We showed that the majority of
phenylalanine rich proteins are membrane proteins, significantly enriched in ER and
involved in many membrane functions like signal transduction and transport pathways.
This is expected since phenylalanine is one of the most abundant amino acids in
transmembrane domains. Abnormalities in ER function can affect homeostasis and
protein misfolding, which is notably pronounced in ALS and FTD and neurons which are
sensitive even to small amounts of misfolded proteins4. We showed that the elF2a
pathway is activated in the presence of both repeats which are able to activate the ISR
through GCN2. This is more pronounced with the antisense transcripts. Observed



differences stress response activation need to be taken into account in similar
experiments as they are usually performed at the same time point for both repeats.

We presented new cellular processes that may be altered in the C9orf72 mutation in
connection to phenylalanine dysregulation. The presented results offer new potential
targets for therapeutic development.
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