== {37 & > #b &5

NSUN3-mediated mitochondrial tRNA 5—formylcytidine modification is essential for embryonic

development and respiratory complexes in mice
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Abstract of the Thesis

Background and Purpose: In mammalian mitochondria, translation of the AUA codon is supported
by 5-formylcytidine(f°C) modification in the mitochondrial methionine tRNA anticodon. f°C is
synthesized by two mitochondrial matrix-localized enzymes, NSUN3 and ALKBHI. After
mitochondrial methionine tRNA is transcribed, NSUN3 first methylates cytidine to form 5-
methylcytidine, and ALKBH]1 then oxidizes the methyl group to form a formyl group. Human NSUN3
mutations are associated with mitochondrial diseases, but the detailed mechanism is yet to be
identified. The purposes of this study is to investigate the physiological functions of NSUN3-

mediated °C modification.

Methods: To investigate the physiological functions of NSUN3-mediated f°C modification, we
generated Nsun3 KO mice. We also generated heart-specific Nsun3 knockout (Nsun3"%0) mice to
clarify the possible roles of NSUN3-mediated tRNA f°C modification in adult tissue.

Results: By mating Nsun3+/— mice, we obtained five wild-type mice and 13 heterozygous mice, with
no homozygous Nsun3 KO mice obtained after multiple generations of breeding. We examined the
morphology of embryos at embryonic day (E) 10.5 and E 12.5. Nsun3 KO embryos are alive at E10.5
but died before E12.5. In Nsun3" O hearts, mass spectrometric analysis of heart total RNA
nucleosides confirmed that f°C was absent. By using transmission electron microscopy, we found that
Nsun3"8© heart mitochondria were enlarged and contained fragmented cristae. In cardiac
ultrasonography, Nsun3"XO resulted in enhanced heart contraction and age-associated mild heart
enlargement. In Nsun3"8© hearts, mitochondrial mRNAs that encode respiratory complex subunits
were not down regulated, but the enzymatic activities of the respiratory complexes decreased,

especially in older mice.

Conclusions: Mitochondrial tRNA anticodon modification is essential for mammalian embryonic
development, and tissue specific loss of a single mitochondrial tRNA modification can induce tissue

aberration that worsens in later adulthood.
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