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From genotype to phenotype: How and at what step of protein expression, mRNA translation affects 
protein folding in the cell?

Understanding the relationship between genotype and phenotype is one of the key questions in modern molecular biology. 
A very modest protein-transcript relationship exists in higher eukaryotes with only about 50% of all changes on the 

transcriptome level reflected on the proteome. The modest relationship between the proteins and transcripts can be explained 
by a number of reasons, including but not limited to alternative splicing, post-transcriptional control of gene expression, protein 
folding and modifications. A new paradigm that adds another level of complexity to our understanding of the relationship 
between genotype and phenotype is the effect of protein translation rates on protein folding. It has been postulated and shown 
that non-uniform kinetics of protein translation (which is mainly governed by non-uniform synonymous codon usage) can 
alter protein folding in the cell. It has been suggested that altered protein translation kinetics leads to altered appearance of 
the nascent polypeptide segments (emerging from the ribosome), leading to their altered co-translational folding. However, 
no direct evidence existed thus far, demonstrating altered conformation of the ribosome bound nascent chains due to altered 
elongation rates. Using a combination of different approaches, including but not limited to FRET, NMR and limited proteolysis, 
we have shown for the first time that kinetics of protein translation does affect the conformation of ribosome bound nascent 
chains. Eye lens protein Gamma-B crystallin was used as a model to demonstrate that altered synonymous codon usage leads 
to altered kinetics of translation and conformation of co-translational folding intermediates.
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