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 Primer 2667   Primer 2579   Primer 2179 

 

Figure 20.  Primer extension analysis of crosslinked 23S rRNA.  6% polyacrylamide gels 
of primer extension products using primers 2667, 2579 and 2179.  Lanes C, U, A, and G 
represent dideoxynucleotide sequencing ladders.  Lanes labeled K1 are full length, 
uncrosslinked MRE600 controls, and lanes labeled XL1 are full-length, crosslinked 
MRE600 controls.  Lanes labeled K2 are the uncrosslinked fragments isolated from the 
RNase H digest of the crosslinked samples.  Lanes labeled XL2 are the crosslinked 
fragments isolated from the RNase H digest of the crosslinked samples.  (A) Crosslinked 
sites are localized by comparing primer extension stops in the experimental lanes to the 
dideoxynucleotide sequencing ladder.  (B) and (C) Enlargements of U2585 and U2506 
regions of the sequencing gels using primers 2667 and 2579, respectively. 
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away from the A76 of P-site tRNA (Schmeing et al., 2005, Figure 4B).  A G at position 

2506 could not form a wobble base pair with G2583, and the bulkier G might remain 

adjacent to the 3’ end of the P-site tRNA.  In this situation, U2585 may be forced to 

remain in a position more distant from the A76 of the P-site tRNA where it is unable to 

become crosslinked.  Furthermore, if U2585 remains in a position further away from the 

P-site substrate, U2585 will be unable to perform its duty to protect the P-site substrate 

from hydrolysis in the absence of an A-site tRNA, as expected in the model.  In this 

situation, water could hydrolyze the peptidyl moiety, halting translation.  This 

interpretation could explain the fatal nature of the U2506G mutation. 

Additional crosslink sites were observed at nucleotides indicated in Figure 20.  

Most of the additional crosslink sites appeared in the control and test samples, suggesting 

that the mutations studied here do not alter the interaction of the 3’-end of the P-site 

tRNA with other regions of the PTC.  One exception is the crosslink at position U2613, 

which occurs in both of the controls and the U2585A sample, but is not apparent in the 

U2506G sample.  Another exception is the crosslinked region from A2530 to A2533.  

This region becomes crosslinked in the U2506G sample, but is not crosslinked in the 

controls or the U2586A sample.  If confirmed by future experimentation, this could 

indicate other regions of the PTC that are involved in positioning the 3’-end of the P-site 

tRNA. 
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CHAPTER 4 

DISCUSSION 

The high-resolution crystal structure of the H. marismortui 50S subunit provides 

strong evidence that the 23S rRNA is the only catalytic entity in the peptidyl transferase 

center of the archaeal ribosome (Ban et al., 2000).  In the bacterial ribosome, however, 

there is in addition to RNA, a protein, L27, at the PTC (Maguire et al., 2005, Selmer et 

al., 2006).  Various mechanisms for the catalysis of peptidyl transfer have been proposed.  

The idea that has garnered the most attention suggests that the 23S rRNA, and possible 

L27, act to position the peptidyl- and aminoacyl-tRNAs for spontaneous peptidyl transfer 

and that chemical catalysis may play only a secondary role (Polacek et al., 2001). 

Nucleotides A2451, U2506, U2585, and U2602 are universally conserved at the 

site of peptide bond formation (Ban et al., 2000).  Based on the crystallographic evidence, 

and because mutagenesis at these sites severely impairs peptide bond formation (Green et 

al., 1997; Polacek et al., 2001; Thompson et al., 2001; Youngman et al., 2004), these 

nucleotides are thought to be involved in positioning the 3’ ends of A- and P-site 

substrates.  In this study, pure populations of ribosomes with either U2585A or U2506G 

mutations in the 23S rRNA were analyzed to test the hypothesis that substitutions at 

conserved nucleotides U2585 and U2506 in the PTC impair peptide bond formation by 

altering the position of the 3’ end of P-site tRNA relative to the 23S rRNA. 

Mutant and wild-type ribosomes were probed with 32P-labeled [2N3A76]tRNAPhe 

to determine how the 3’ end of tRNA interacts with the ribosomal proteins and 23S RNA 

at the PTC.  The photoreactive substrate was bound and crosslinked to 70S ribosomes 

from MRE600, as well as from those with MS2 inserts and U2585A and U2506G 
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mutations.  Several similarities between the data for wild-type and mutant ribosomes 

suggest that the substitution mutations have little effect on the binding and crosslinking 

of P-site tRNA to the ribosome (see Table 3).  As the results varied across several distinct 

trials, however (Table 3), further investigation is needed to confirm this observation. 

Previous studies have shown that [2N3A76]tRNAPhe at the P site forms crosslinks 

to specific 23S rRNA nucleotides, as well as to proteins L27 and L33 (Maguire et al., 

2005; Wower et al., 2000).  The covalent tRNA-ribosome complexes formed with the 

wild-type and mutant ribosomes were analyzed to determine crosslinking characteristics.  

In one experiment, SDS-PAGE analysis revealed a difference in the distribution of 

crosslinks between protein and 23S rRNA in ribosomes carrying the U2506G mutation 

with respect to the other ribosomes studied (Figure 14).  However, no other trials have 

supported these data, and some have even shown contradictory results; therefore no 

conclusions can be drawn. 

To determine the distribution of ligand-protein crosslinking amongst the various 

ribosomal proteins, the RNA components of the crosslinked ribosomes were digested 

with S1 nuclease, and the labeled proteins were analyzed.  Although proteins L27 and 

L33 are expected to be resolved by SDS-PAGE, they were not distinguished in these 

experiments for reasons that are unknown. 

The sites of tRNA crosslinking in the 23S rRNA were investigated by a 

methodology involving partial localization by site-specific RNase H digestion of tRNA-

23S rRNA complexes.  Previous studies have shown that nucleotides U2585 and U2506 

become crosslinked to P-site [2N3A76]tRNAPhe (Wower et al., 2000).  Results obtained 

by analysis of crosslinking to specific segments of the 23S rRNA produced by RNase H 
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digestion of complexes between 23S rRNA and a set of chimeric oligonucleotides have 

shown that crosslinks are likely to occur in the vicinity of nucleotides 2585 and 2506 

(Figures 18 and 19).  Additionally, the data suggest that, in the U2506G mutant, the 

ligand may crosslink preferentially to nucleotide U2506G relative to other crosslinking 

sites. 

Crosslinking sites on the 23S rRNA were more precisely localized by primer 

extension analysis.  In scans of the U2585 region, the 23S rRNA of ribosomes from 

MRE600, p278MS2 and U2585A appear to be crosslinked to the 3’-end of P-site tRNA 

at nucleotide U2585 (Figure 21B).  However, there appears to be no crosslink at 

nucleotide U2585 in the 23S rRNA carrying the U2506G mutation.  These data are 

consistent with the RNase H data, which indicated preferential crosslinking of P-site 

tRNA to the U2506 region of the 23S rRNA, and a decreased level of crosslinking to the 

region of U2585, in the ribosomes with a G at position 2506. 

Both the RNase H and the primer extension data for the U2506G ribosomes are 

consistent with the model in which U2506 breaks from its original wobble basepair with 

G2583 during A-site tRNA binding and swings towards the A76 of P-site tRNA, while 

U2585 simultaneously moves away from the A76 of P-site tRNA (Schmeing et al., 2005, 

Figure 4B). With a U to G mutation of nucleotide U2506, the original wobble basepair 

does not form, and the bulkier U2506G may retain a position adjacent to the 3’ end of the 

P-site tRNA.  In this situation, U2585 may be forced to remain in a position distant from 

the A76 of the P-site tRNA where it is unable to become crosslinked.  Furthermore, if 

U2585 remains in a position further away from the P-site substrate, U2585 will be unable 

to protect the P-site substrate from hydrolysis in the absence of an A-site tRNA 
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(Schmeing et al., 2005).  In this situation, water would hydrolyze the peptidyl moiety, 

halting translation. 
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