
 

Genetic signature boosts protein production
during cell division
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Rare codons in the genome (highlighted) specifically boost the production of
proteins necessary for cell division. Credit: University of Basel, Biozentrum

A research team has uncovered a genetic signature that enables cells to
adapt their protein production according to their state. The researchers
of the University of Basel's Biozentrum report in Genome Biology that
this newly discovered mechanism plays a role in the regulation of protein
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production during cell division.

The production of proteins is the most energy-consuming activity of 
cells. It needs to be tightly regulated, to ensure efficient use of cellular
resources. Researchers led by Prof. Mihaela Zavolan at the Biozentrum
of the University of Basel have now discovered how the genetic code is
used to adjust the protein production depending on the cell growth and
division. This mechanism may also be involved in uncontrolled cell
division.

Several codons for one amino acid

The genetic code is like a language consisting solely of three letter
words, known as 'codons.' Each codon stands for an amino acid, the
building blocks of proteins. As there are 64 codons for the 20 amino
acids, most amino acids are encoded by more than one codon.

The multiple codons that represent one and the same amino acid are not
equally frequent in the genome. Some occur frequently while others are
rare. "Previously it was assumed that rare codons generally reduce the
rate of protein synthesis," says Zavolan. "Our findings, however, provide
a more subtle picture. We could show that rare codons allow the
production of specific proteins to be boosted during cell division."

Rare codons regulate protein synthesis

To synthesize a protein, the gene that encodes that protein must first be
copied. This copy, called mRNA, is then decoded into a sequence of
amino acids by specific molecules in the cell's protein factories. In
proliferation-related mRNAs, amino acids tend to be encoded by rare
codons, which leads to relatively inefficient protein synthesis when the
cells are in resting state. This is because rare codons take longer to be
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'read' due to the low availability of decoding molecules.

"The situation changes when the cell switches to division. In this case,
more decoding molecules are available to 'read' the rare codons,"
explains Joao Guimaraes, the first author of the study. "The mRNAs
enriched in such codons, which turn out to be important for cell
proliferation, are more efficiently translated and thus, experience a boost
in protein synthesis." In this way, rare codons help to control the
production of a particular class of proteins and to adapt it to the needs of
the cell.

Genetic signature for cell proliferation

"Our study challenges the current view that the rare codons are simply
detrimental for protein production," says Guimaraes. "We have
demonstrated that rare codons are involved in specifically boosting the
production of proteins necessary for cell division." The findings on the 
genetic signature may have implications for understanding the
dysregulation of protein synthesis during tumor development, which is
caused by uncontrolled cell growth and proliferation.

  More information: Joao C. Guimaraes et al, A rare codon-based
translational program of cell proliferation, Genome Biology (2020). DOI:
10.1186/s13059-020-1943-5
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