Current Literature

in Basic Science

A tRNA Variant Translates Into Seizure

Resistance

Epilepsy Currents

2021, Vol. 21(2) 126-128

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions

DOI: 10.1177/1535759721990043
journals.sagepub.com/home/epi

®SAGE

Expression of the Neuronal tRNA n-Tr20 Regulates Synaptic Transmission and Seizure Susceptibility

Kapur M, Ganguly A, Nagy G, Adamson SI, Chuang JH, Frankel WN, Ackerman SL. Neuron. 2020;108(1):193-208. e9.
doi:10.1016/j.neuron.2020.07.023; PMID: 32853550; PMCID: PMC7572898

The mammalian genome has hundreds of nuclear-encoded tRNAs, but the contribution of individual tRNA genes to cellular
and organismal function remains unknown. Here, we demonstrate that mutations in a neuronally enriched arginine tRNA, n-
Tr20, increased seizure threshold and altered synaptic transmission. n-Tr20 expression also modulated seizures caused by an
epilepsy-linked mutation in Gabrg2, a gene encoding a GABAA receptor subunit. Loss of n-Tr20 altered translation initiation by
activating the integrated stress response and suppressing mTOR signaling, the latter of which may contribute to altered
neurotransmission in mutant mice. Deletion of a highly expressed isoleucine tRNA similarly altered these signaling pathways in
the brain, suggesting that regulation of translation initiation is a conserved response to tRNA loss. Our data indicate that loss of
a single member of a tRNA family results in multiple cellular phenotypes, highlighting the disease-causing potential of tRNA

mutations.

Commentary

Whether you are a basic scientist studying genetic models of
epilepsy or clinical epileptologist, you have likely encountered
the enigma of phenotypic heterogeneity at some level. Pheno-
typic heterogeneity is the concept that alterations to a gene or a
gene variant can produce different phenotypes, such as a range
of epilepsy types and severities, from severe to undetectable, as
well as other neurodevelopmental and neuropsychiatric disor-
ders.! Basic scientists often encounter this, for example, when
examining the same genetic manipulation in different inbred
strains of laboratory mice and finding that seizure activity var-
ies considerably between mouse strains with different genetic
backgrounds. In humans, family members with the same inher-
ited variants can also show a wide range of phenotypes.
Although some genes and variants show strong genotype—phe-
notype correlation, most can cause a spectrum of phenotypes.
The majority of this phenotypic heterogeneity in genetic epi-
lepsies is unexplained, both with regard to the epilepsy pheno-
type and comorbidities.?

A common explanation for this observed phenotypic hetero-
geneity is the existence of variation in modifier genes, or genes
whose expression alters the phenotypic expression of the
disease-causing gene. Identification of modifier genes in
humans is difficult, especially in epilepsy, as disease-causing
variants are individually rare, making identifying genes that
modify these already rare alleles exceedingly difficult.

Nevertheless, identification of genetic modifiers is important
because of its ability to both explain phenotypic heterogeneity,
and as a means to targeting these modifiers to treat the disease.
The reasoning being that if variation in the modifier gene is
strong enough to alter the disease phenotype, then artificially
altering the modifier gene or its protein product may also be
strong enough to alter the disease.

Identifying genetic modifiers in animal models, while still
challenging, is a tractable problem. One approach has been to
exploit the aforementioned phenotypic heterogeneity found in
different strains of inbred mice. If, for example, you discover
that your gene mutation causes severe seizures in C57BL/6 N
(B6 N) mice, but mild or no seizures in C57BL/6 J (B6 J), then
interbreeding the 2 strains, observing the severity of seizures in
the offspring and correlating it to the inherited genomic regions
can narrow down genomic regions that influence the seizure
phenotype. It is known that B6 J mice are more resistant to
electrically and chemically induced seizures than many other
inbred strains, and previous studies have identified the distal
region of Chromosome 1 as a strong determinant of this trait.**
Although candidate genes in this region have been proposed to
underlie the effect, it is unknown whether any single gene
exerts a strong influence on susceptibility.

A recent paper in Neuron has identified a gene in this region
that strongly regulates seizure susceptibility, and it’s identity is
surprising.” A previous study implicated an inwardly rectifying
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K™ channel in this region, party based on the assumption that
ion channels are known regulators of neural excitability and
seizure activity.° While many genes encoding ion channels and
synaptic proteins are regulators of seizure activity, this new
candidate, n-7r20, doesn’t even encode a protein; it’s a tRNA.
tRNAs are RNA molecules that bring the correct amino acid to
the growing polypeptide chain by recognizing the correct
codon in the messenger RNA. n-7r20 is one of 5 mouse tRNAs
that recognize the ACA codon in mRNA and catalyze the addi-
tion of an arginine residue to translated proteins.

The authors of this new paper previously found that B6 J
mice have a mutation in n-7720 that impairs the processing of
the tRNA into its mature form and reduces its function.’
Because this gene is located on the aforementioned region of
Chromosome 1, they decided to test whether it contributed to
the known seizure resistance of B6 J mice. Using several
genetic models, they show that the mutant n-7720 present in
B6 J mice is actually protective against seizures. Correcting the
mutation in B6 J mice increased susceptibility to electrocon-
vulsive and pentylenetetrazole-induced seizures, while deleting
the gene from the closely related B6 N decreased susceptibility
to these challenges. Overexpression of 2 closely related tRNA
genes, n-Tr21 and n-Tr22, which also recognize the ACA
codon, were able to increase seizure susceptibility in B6 J mice,
suggesting that these other tRNAs can functionally substitute
for n-Tr20, and that depletion of the total tRNA*™Ey pool
underlies the seizure resistance phenotype caused by n-7r20
mutation. Finally, overexpressing n-7r20 increased the inci-
dence, but not duration, of spike-wave discharge events in mice
heterozygous for a patient variant (R43Q) in the GABA,
receptor y2 subunit (Gabrg?2), demonstrating that #-7r20 can
also modify the seizure phenotype of genetic epilepsy mouse
model. Overall, these data provide convincing evidence that
reduced levels of tRNAs can be protective against seizures.

Because of the unexpected nature of the finding that impair-
ing tRNA function lead to seizure resistance, the rest of the
paper investigated the underlying mechanisms, using an
impressive combination of electrophysiology, gene expression,
and measurements of translation efficiency (TE) and cell sig-
naling. As expected, impairment of n-7r20 led to increased
stalling of translation at ACA codons, and also altered the
TE of many genes (330 were decreased while 104 were
increased). Analysis of genes with decreased TE upon n-7r20
deletion revealed several translation initiation factors, consis-
tent with dysregulation of this process. Strikingly, n-7720 loss
decreased the TE of numerous ribosomal protein genes, many
of which are known to be regulated by a familiar player in the
epilepsy world, the mechanistic target of rapamycin (mTOR)
signaling pathway. Further biochemical experiments showed
that n-7r20 loss decreased several markers of mTOR complex
1 (mTORCI1) activity.

Electrophysiology experiments were then used to relate the
changes in n-7720, mTOR signaling, and seizure susceptibility.
Although many different conditions and parameters were
tested, the strongest and most consistent effect between them
was an effect on the frequency of miniature inhibitory

postsynaptic currents (mIPSCs). Hippocampal CA1l neurons
from B6 J or B6 N mice with impaired #n-7720 showed higher
mIPSC frequencies than animals with normal »n-7r20. Treat-
ment of B6 N mice with the mTOR inhibitor rapamycin also
increased mIPSC frequency, and increased seizure threshold in
female mice. Thus, the data support a model in which n-Tr20
dysfunction increases hippocampal inhibitory synaptic trans-
mission, which increases resistance to induced seizures.

Caution is warranted, however, in generalizing the effects of
this particular modifier to other mouse strains or genetic mod-
els, as the effect of any single gene variant to complex beha-
vioral traits will depend on complex, nonlinear interactions
between many variants. Indeed, the initial report on the B6 J
n-Tr20 variant showed that it caused neurodegeneration when
combined with a null allele of the Gzpbp2 gene,” demonstrating
that the same variant can be both harmful or protective in
different disease contexts. Also, B6 J mice do not always show
fewer seizures than other strains. A recent paper showed that
B6 J mice also have a noncoding variant that reduces the
expression of the GABAA receptor subunit-encoding Gabra?2
gene,® and this variant may sensitize B6 J mice to seizures
caused by loss of the Scnla gene in a mouse model of Dravet
Syndrome.® Thus, the effect of modifiers on seizures or other
phenotypes is highly dependent on the causative insult.

Despite these caveats, this study makes important contribu-
tions to our understanding of the biology underlying seizure
susceptibility. B6 J mice are the most widely used strain in
biomedical research, including epilepsy, and show significant
differences in seizure susceptibility and other phenotypes. The
discovery that a tRNA gene variant may mediate these differ-
ences emphasizes the fact that epilepsy modifier genes may be
lurking in unexpected places. And while inhibiting #-7r20 may
not be the safest therapeutic approach, this paper reinforces the
emerging concept that noncoding RNAs and transcriptional
regulation play key roles in regulating seizure susceptibility
and epileptogenesis. Modulating these processes in clever ways
may hold real promise as novel therapeutic approaches.
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