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 Our goal is to resurrect the ancestral Peptidyl Trans-
ferase Center (a-PTC), to create it in silico, in vitro 
and in vivo, and to explore its assembly, enzymatic 
activity and interactions with other extant and ancestral 
components. We have designed, and are resurrecting, a 
model of the a-PTC (ancestral Peptidyl Transferase 
Center), which we believe to be around 4 billion years 
old. The proposed a-PTC contains around 600 nucleo-
tides of ancestral ribosomal RNA (a-rRNA), three an-
cestral ribosomal peptides (a-rPeptides), and inorganic 
cations, all of which are relatively straightforward to 
obtain or produce. The results of our molecular resur-
rection will allow one to test ideas about primitive liv-
ing systems, including the origin of protein. 
    To develop a-PTC models, we have surveyed a 
wealth of published structural, biochemical, phylo-
genic and biological data. We have analyzed molecular 
interactions1: RNA-RNA, RNA-protein and RNA-
Mg2+ ion. We used high resolution three-dimensional 
LSU (Large Subunit) structures, along with two-
dimensional structures from bacteria2 and archaea.3 We 
performed an exhaustive and recursive structural 
alignment, that gave an accurate unbiased superimposi-
tion4 of the LSU structures of H. marismortui and the 
T. thermophilus. In addition we used sequence com-
parisons of ribosomal proteins1 and of rRNA.5 We in-
corporated a new analysis of ribosomal evolution by 
Bokov, based on A-minor interactions.6 These or-
thogonal analytical methods reach strong consensus on 
the basic elements of the a-PTC. For example critical 
Mg2+-RNA interactions, indentified by coordination 
geometry and structural alignment and superimposi-
tion, involve ribosomal secondary elements that are 
absolutely conserved throughout the phylogenic tree, 
including in cytoplasmic, mitochondrial and chloro-
plast ribosomes from all living organisms (Figure 1). 
These ribosomal secondary elements are identified by 
A-minor analysis as aboriginal.  
    To resurrect the a-PTC in vitro we sliced off the 
‘non-ancestral’ regions of the 23S rRNA of T. thermo-
philus, and pasted the remaining RNA fragments to-
gether, forming one contiguous RNA molecule. This 
process was conducted at the DNA level. We con-
structed the a-rRNA gene using overlapping PCR, a 
technique for simultaneously linking and amplifying 
multiple (up to 20) oligonucleotides. The PCR product 
was cloned to pUC19 plasmid, sequenced, and used to 
transform DH5α cells. The a-rRNA was prepared by in 
vitro transcription. Thus far, we have synthesized one 
native a-rRNA and two a-rRNA mutant transcripts.  
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Figure 1. Consensus between phylogeny and Mg2+-RNA interactions. The 
putative secondary structure of a-rRNA (black line) along with the secon-
dary structures of 23S rRNA (equivalent) of the mitochondrion of B. tau-
rus (red line) and T. thermophilus (dashed line). Critical Mg2+ interactions 
are indicated by broad colored lines. The yellow and gray shaded areas 
indicate the secondary structural elements that have been cut off some-
where in the phylogenetic tree. The blue shaded area indicates the struc-
ture that we believe folds and assembles independently of the a-PTC, with 
an isolated Mg2+ cluster.  
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