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Introduction:  The recent availability of 70S and 

80S ribosomal crystal structures of Bacteria [1], Ar-

chea [2], and Eukarya [3][4] have allowed for the con-

struction of a model of ribosomal evolution at atomic 

resolution [5][6].  Comparisons of ribosomal RNA 

(rRNA) of representative species across the tree of life 

reveals the existence of a common core that deviates in 

sequence, but is conserved in secondary and 3D struc-

ture [7].  Mapping ribosomal size onto a phylogenetic 

tree containing species throughout life’s 3 domains 

reveals that ribosomal size correlates very well with 

species complexity [6][8].  The progression of riboso-

mal large subunit (LSU) and small subunit (SSU) 

rRNA size closely follows the trend Bacteria ≤ Archea 

< Simple Eukaryotes < Complex Eukaryotes.  

Comparisons of rRNA secondary structures be-

tween bacteria and eukaryotes led to the discovery of 

expansion segments in eukaryotic rRNAs [9].  Observ-

ing ribosomes in 3D has revealed that expansion seg-

ments branch off of common core rRNA helices at dis-

tinct structures we call insertion fingerprints.  Expan-

sion segments do not perturb the helices of the com-

mon core.  Using the same method to define expansion 

segments in 3D, we have revealed ancestral expansion 

segments within the common core.   

Our model describes the stepwise accretion of an-

cestral expansion segments onto the original rRNA 

helices of the LSU and SSU of the ribosome [6].  Fo-

cusing on the peptide-bond catalyzing function of the 

LSU, we use our model of ribosomal evolution to de-

tail the evolution of protein folding.   

The formation of a primitive LSU began with the 

accretion of ancestral expansion segments that consti-

tute the peptidyl-transferase center (PTC), onto the 

very first rRNA helix [8].  The formation of the PTC 

allowed the primitive ribosome to synthesize very sim-

ple peptides [10].  Nestled between ancestral expansion 

segments, on the surface of the common core, and be-

tween the expansion segments of eukaryotes, are ribo-

somal protein (rProteins).  Residues of rProteins found 

deep within the common core are unstructured, resi-

dues found directly under the common core surface 

have rudimentary secondary structure, and residues on 

the surface of the common core form globular domains.  

As rRNA ancestral expansion segments were accreted 

onto the surface of the primitive ribosome, so were 

peptide fragments of rProteins.  As more ancestral ex-

pansion segments were accreted onto the surface of the 

ribosome over billions of years, the size and complexi-

ty of rProteins accreted onto the surface increased.  

Over approximately 4 billion years, the ribosome 

evolved from being able to synthesize small peptides, 

to synthesizing complex proteins necessary for extant 

life.  Comparing differences in protein folding parame-

ters such as dihedral angle, intramolecular hydrogen 

bonds, and surface area of individual resides of rPro-

teins to their distance to the PTC will elucidate the 

evolution of protein folding. 
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