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ABSTRACT 

 Protein splicing is a precise, post-translational modification in which an 

intervening sequence, termed intein, is spliced out of a precursor protein, concomitantly 

joining the flanking peptides, termed exteins.  The reaction is orchestrated in a precise 

sequence of bond rearrangements, and is completely self-contained, requiring no outside 

co-factors.  While the steps of protein splicing have been established, the mechanism 

through which these steps are catalyzed and coordinated remains unclear.  The reaction is 

a spontaneous, single-turnover event, which has prevented studies of splicing-active 

inteins, which are critical to the understanding of the mechanism.  To get around this 

problem, we are working with a hyperthermophilic intein from the DNA polymerase II of 

Pyrococcus Abyssi,(Pab PolII intein) whose activity can be regulated with temperature 

and pH.  We have solved a solution NMR structure of the intein to an backbone RMSD 

of 0.71 Å.  The protein is comprised of fourteen beta strands and two alpha helices, with a 

long loop between strands 12 and 13, and has a HINT(hedgehog/intein) fold.  Active site 

residues consist of highly conserved residues T90 and H93 of the TxxH motif, C1, H184, 

and Q185.  The Pab PolII intein is homologous in structure to the PI-PfuI intein, with 

RMSD between backbone atoms of 3.59Å. 15N-R1,R2 heteronuclear NOE experiments 

show a great deal of motion in the long loop of the ps-ns time scale.  This loop represents 

a likely split site to make Pab PolII intein a new split intein. 

 

It’s long been the dogma that a protein’s stability is only affected by interactions 

within its core and the hydrophobic effect, with the surface residues playing a very small 

role in the protein’s overall stability.  In the case of charged residue interactions on the 

surface, it is argued that the high dielectric of water would further weaken these charge-

charge interactions.  However, recently, Makhatadze et al. has designed mutants of two 

functional proteins (CDPK and Acylphosphatase (AcP)) with significantly greater 

stability  (∆Tm> 10°C) than the wild types by mutating only the surface residues.  Their 

strategy is based on the Tanford-Kirkwood model of a protein as a hard sphere and the 

∆GN changes associated with introduction or removal of charge-charge interactions.  We 
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solved the structures of the wild type and engineered AcP, and showed that, despite the 

dramatic difference in stability, the structure of the wild-type and mutant proteins are 

nearly identical. 

 


