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The speed of translation elongation is primarily determined by the abundance of tRNAs. Thus, the codon
usage influences the rate with which individual mRNAs are translated. As the nature of tRNA pools and
modifications can vary across biological conditions, codon elongation rates may also vary, leading to
fluctuations in the protein production from individual mRNAs. Although it has been observed that func-
tionally related mRNAs exhibit similar codon usage, presumably to provide an effective way to coordinate
expression of multiple proteins, experimental evidence for codon-mediated translation efficiency mod-
ulation of functionally related mRNAs in specific conditions is scarce and the associated mechanisms
are still debated.; Here, we reveal that mRNAs whose expression increases during cell proliferation are
enriched in rare codons, poorly adapted to tRNA pools. Ribosome occupancy profiling and proteomics
measurements show that upon increased cell proliferation, transcripts enriched in rare codons undergo
a higher translation boost than transcripts with common codons. Re-coding of a fluorescent reporter
with rare codons increased protein output by 30% relative to a reporter re-coded with common codons.
Although the translation capacity of proliferating cells was higher compared to resting cells, we did not
find evidence for the regulation of individual tRNAs. Among the models that were proposed so far to
account for codon-mediated translational regulation upon changing conditions, the one that seems most
consistent with our data involves a global upregulation of ready-to-translate tRNAs, which we show can
lead to a higher increase in the elongation velocity at rare codons compared to common codons.; We
propose that the alleviation of translation bottlenecks in rapidly dividing cells enables preferential upreg-
ulation of pro-proliferation proteins, encoded by mRNAs that are enriched in rare codons.
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